The seeds of commerce: A network analysis-based approach to the Romano-British transport system by Orengo, H. & Livarda, A.
This is an author produced version of The seeds of commerce: A network analysis-based 
approach to the Romano-British transport system.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/94433/
Article:
Orengo, H. and Livarda, A. (2016) The seeds of commerce: A network analysis-based 
approach to the Romano-British transport system. Journal of Archaeological Science, 66. 
pp. 21-35. ISSN 1095-9238 
https://doi.org/10.1016/j.jas.2015.12.003
Article available under the terms of the CC-BY-NC-ND licence 
(https://creativecommons.org/licenses/by-nc-nd/4.0/)
promoting access to
White Rose research papers
eprints@whiterose.ac.uk
http://eprints.whiterose.ac.uk/
5IFTFFETPGDPNNFSDF"OFUXPSLBOBMZTJTCBTFEBQQSPBDIUPUIF
3PNBOP#SJUJTI USBOTQPSU TZTUFN
)FDUPS"0SFOHPB"MFYBOESB-JWBSEBC
B%FQBSUNFOUPG"SDIBFPMPHZ6OJWFSTJUZPG4IFGmFME/PSUIHBUF)PVTF8FTU4USFFU4IFGmFME4&56,
C%FQBSUNFOUPG"SDIBFPMPHZ6OJWFSTJUZPG/PUUJOHIBN6OJWFSTJUZ1BSL/PUUJOHIBN/(3%6,
Ă ƌ ƚ ŝ  Đ ů Ğ  ŝ  Ŷ Ĩ Ž
ƌƚŝĐůĞŚŝƐƚŽƌǇ ?
ZĞĐĞŝǀĞĚ  ? ?Ɖƌŝů  ? ? ? ?
ZĞĐĞŝǀĞĚ ŝŶ ƌĞǀŝƐĞĚĨŽƌŵ ? ?KĐƚŽďĞƌ  ? ? ? ?
ĐĐĞƉƚĞĚ  ?ĞĐĞŵďĞƌ  ? ? ? ?
ǀĂŝůĂďůĞŽŶůŝŶĞ  ? ?ŽĨĞĐĞŵďĞƌ ? ? ? ?
<ĞǇǁŽƌĚƐ ?
^ƉĂƚŝĂůĂŶĂůǇƐŝƐ
EĞƚǁŽƌŬĂŶĂůǇƐŝƐ
'/^
ƌĐŚĂĞŽďŽƚĂŶǇ
ZŽŵĂŶƌŝƚĂŝŶ
dƌĂĚĞ
ǆŽƚŝĐƐ
Ă ď Ɛ ƚ ƌ Ă Đ ƚ
&RPPXQLFDWLRQ URXWHV DUH DQ LPSRUWDQW VXEMHFW LQ WKH VWXG\ RI WKH KXPDQ SDVW 7KH\ DOORZHG LQWHUDFWLRQV
EHWZHHQFRPPXQLWLHVDQGWKHGLVSHUVDORIJRRGVDQGLGHDV7KHLUVWXG\WKHUHIRUHFDQVKHGOLJKWRQWKHZD\LQ
ZKLFK FRPPXQLWLHV LQKDELWHG WKH ODQGVFDSH UHODWHG WR HDFK RWKHU DQG ZHUH DIIHFWHG E\ PDFURUHJLRQDO WUHQGV
0DQ\ PHWKRGV VXFK DV DUFKDHRPRUSKRORJLFDO DQDO\VLV DQG /HDVW &RVW 5RXWH PRGHOOLQJ /&5 KDYH EHHQ
GHYLVHG DQG DUH URXWLQHO\ HPSOR\HG IRU WKH UHFRQVWUXFWLRQ RI DQFLHQW URXWHV 7KHLU DQDO\VLV LQ WHUPV RI
FRPPXQLFDWLRQWUDGHRUKLVWRULFDOVLJQL¿FDQFHKRZHYHUKDVXVXDOO\EHHQOHIWXQH[SORUHG7KLVLVSUREDEO\GXH
WRWKHFRQQHFWHGQDWXUHRIURXWHVZKLFKIRUPFRPPXQLFDWLRQQHWZRUNVWKHVHDUHVKDSHGE\LQWHUFRQQHFWHGQRGHV
DQGH[WHQGRYHUWHUULWRULHVVXUSDVVLQJWKHUHJLRQDOVFDOHLQVXFKDZD\WKDWHYHQDFKDQJHLQDVLQJOHQRGHRUOLQN
FDQDIIHFW WKHZKROHQHWZRUN&RQVHTXHQWO\ WKHSDUWLDOUHFRQVWUXFWLRQRIFRPPXQLFDWLRQQHWZRUNVSURYLGHGE\
WKHDIRUHPHQWLRQHGPHWKRGVGRHVQRWXVXDOO\DOORZDKROLVWLFDQDO\VLV,QWKLVSDSHUWKHUHODWLYHO\ZHOOXQGHUVWRRG
%ULWLVK5RPDQURDGQHWZRUNLVHPSOR\HGWRH[SORUHWKHDQDO\WLFDOSRVVLELOLWLHVRIIHUHGE\DFRPELQDWLRQRI6RFLDO
1HWZRUN $QDO\VLV 6SDWLDO 1HWZRUN $QDO\VLV DQG VSDWLDO LQWHUSRODWLRQEDVHG GLVWULEXWLRQ DQDO\VLV 7KH %ULWLVK
URDGQHWZRUNKDVEHHQUHFRQVWUXFWHGXVLQJSXEOLVKHGGDWDEXWDOVRDYDULDWLRQRI/&5LQZKLFKFRVWVXUIDFHVDUH
GHULYHG IURP FXOWXUDO GDWD REWDLQHG IURP ODUJHVFDOH FXOWXUDO LQYHQWRULHV 7KH GLVWULEXWLRQ RI LQWURGXFHG IRRG
SODQWV GXULQJ WKH 5RPDQ SHULRG VHUYH DV DQ H[FHOOHQW SUR[\ IRU WKH VWXG\ RI WUDGH DORQJ WKH QHWZRUN DQG LWV
KLVWRULFDOFRQVHTXHQFHV7KLVPXOWLSHULRGDUFKDHRERWDQLFDOGDWDVHWKDVVRPHHYLGHQWDGYDQWDJHVWRRWKHUW\SHVRI
PDWHULDO UHPDLQV DUFKDHRERWDQLFDO UHPDLQV DUH QRW UHXVHG DV IRU H[DPSOH DPSKRUDH DQG DFFRUGLQJO\ WKH\
UHÀHFWDGLVWULEXWLRQSDWWHUQEDVHGRQFRQVXPSWLRQRUFRPPHUFH6RPHRIWKHPDUHLPSRUWHGDVWKH\FDQQRWEH
SURGXFHGORFDOO\DQGFRQVHTXHQWO\WKHLUGLVWULEXWLRQZRXOGEHDSSOLHGWKURXJKXVDJHRIWKHPDLQURXWHV
7KH UHVXOWV VXJJHVW D FRQWLQXRXV LQÀRZ RI H[RWLFV EXW KLJKOLJKW WKHLU FKDQJLQJ WUDQVSRUW URXWHV WKHLU
GLIIHUHQWLDODFFHVVDQGWKHSDUWLFXODUZHLJKWRIFHUWDLQQRGDOVLWHVLQWKHGHYHORSPHQWRIWKLVFRPPHUFHZLWKGLUHFW
LPSDFWRQXUEDQLVDWLRQDQGWKHRYHUDOOHFRQRP\RI%ULWDQQLD7KH5RPDQURDGQHWZRUNDFWHGDV D PDMRU IDFWRU
LQ WKH GLVWULEXWLRQ RI VLWHV WKHLU SROLWLFDO DQG HFRQRPLF LPSRUWDQFH DQG WKHLU SHUPDQHQFH RU GLVDSSHDUDQFH DV
JOREDOHFRQRPLF WUHQGVFKDQJHGRYHU WLPH
 ,QWURGXFWLRQ
&RPPXQLFDWLRQURXWHVDUHDQLPSRUWDQWVXEMHFWLQWKHVWXG\RI
WKH KXPDQ SDVW 7KH\ DOORZHG LQWHUDFWLRQV EHWZHHQ FRPPXQLWLHV
DQG WKH GLVSHUVDO RI JRRGV DQG LGHDV 7KHLU VWXG\ WKHUHIRUH FDQ
VKHG OLJKWRQ WKHZD\ LQZKLFKVRFLHWLHV LQKDELWHG WKH ODQGVFDSH
UHODWHGWRHDFKRWKHUDQGZHUHLQÀXHQFHGE\PDFURUHJLRQDO
FRQQHFWLRQV
7KH URDG QHWZRUN RI 5RPDQ %ULWDLQ LV SDUWLFXODUO\ ZHOO XQGHU
VWRRGLQFRPSDULVRQWRWKDWRIRWKHU5RPDQSURYLQFHV7KLVLVGXHWR
WKH ORQJ WUDGLWLRQ RI DQWLTXDULDQ LQWHUHVW LQ 5RPDQ URDGV DQG WKH
ZRUN RI VHYHUDO SHRSOH DQG LQVWLWXWLRQV 7KHVH LQFOXGH WKH VHPLQDO
ZRUNVRI7&RGULQJWRQ DQG ,0DUJDU\  WKHPDSSLQJ
FRQGXFWHG E\ WKH 2UGQDQFH 6XUYH\ WKH HIIRUWV RI LQVWLWXWLRQV VXFK
DV(QJOLVK+HULWDJHQRZ+LVWRULF(QJODQG+(DQGWKHFRQWLQXLQJ
ZRUNRI%ULWLVKDUFKDHRORJLVWVDLGHGE\WKHSK\VLFDOSDUWLFXODULWLHV
* &RUUHVSRQGLQJDXWKRU
(PDLO DGGUHVVHV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RI WKH %ULWLVK ODQGVFDSH ZKLFK DOORZV IRU WKH GHWHFWLRQ RI URDGV LQ
DHULDOSKRWRJUDSKVLQWKHIRUPRIFURSVRLORUVKDGRZPDUNV7KHVH
HIIRUWVKDYHUHVXOWHG LQDZHDOWKRIHYLGHQFHWKDWKDVSHUPLWWHGDQ
DOWKRXJK VWLOO SDUWLDO VLJQL¿FDQW UHFRQVWUXFWLRQ RI WKH 5RPDQ URDG
QHWZRUN 'HVSLWH GHSLFWLRQ RI WKH 5RPDQ URDG V\VWHP LQ PXOWLSOH
VWXGLHV WKH WUDQVSRUW QHWZRUN LWVHOI KDV UDUHO\ EHHQ DFWLYHO\
HPSOR\HGWRDGGUHVVKLVWRULFDORUDUFKDHRORJLFDOTXHVWLRQV
7KLV SDSHU DLPV WR UHPHG\ WKLV E\ SURSRVLQJ ¿UVW DQ LQWHJUDWHG
PHWKRGRORJ\ IRU D PRUH FRPSOHWH UHFRQVWUXFWLRQ RI WKH 5RPDQR
%ULWLVK WUDQVSRUW V\VWHP 7KLV LV WKHQ H[DPLQHG XVLQJ QHWZRUN
DQDO\VHV LQ FRQMXQFWLRQ ZLWK GDWD RQ WKH GLVWULEXWLRQ RI H[RWLF IRRG
SODQWV WR WUDFH WKHLUFRPPHUFH([RWLF IRRGSODQWVDUHGH¿QHGKHUH
DVWKRVHWKDWZHUHHLWKHURQO\LPSRUWHGRUWKHLUFXOWLYDWLRQFRXOGKDYH
EHFRPH HVWDEOLVKHG GXULQJ WKH 5RPDQ SHULRG DQG WKHVH WZR
FDWHJRULHV DUH WUHDWHG DQG DQDO\VHG LQGHSHQGHQWO\ LQ WKLV VWXG\
6\VWHPDWLFFROOHFWLRQRISODQWUHPDLQVLQH[FDYDWLRQVDOORYHU%ULWDLQ
KDVOHGWRDVLJQL¿FDQWERG\RIVXFKGDWDIRUWKH5RPDQSHULRG9DQ
GHU9HHQHWDOZKLFKFDQQRZSURYLGHSULPDU\HYLGHQFH IRU
WKH LQYHVWLJDWLRQ RI WKH H[RWLFV¶ GLVWULEXWLRQ WKDW FRQWULEXWHG WR WKH
HPHUJHQFHRIQHZIRRGZD\VHJ9DQGHU9HHQHWDO/LYDUGD
DQG9DQGHU9HHQ/LYDUGD
$ FRPELQDWLRQ RI GHQVLW\ LQWHUSRODWLRQ VXUIDFHV DQG VRFLDO DQG
VSDWLDOQHWZRUNDQDO\VHV WR LQYHVWLJDWH WKH WUDGHDQGGLVWULEXWLRQRI
H[RWLFVKDVEHHQDOUHDG\HPSOR\HGIRU5RPDQ/RQGRQ/LYDUGDDQG
2UHQJR  ZKLFK ZDV WKHQ FRQWH[WXDOLVHG ZLWKLQ WKH EURDGHU
FRPPHUFHRIH[RWLFVLQ%ULWDQQLD7KLVVWXG\GHPRQVWUDWHGWKHQHHG
WR WUHDW /RQGRQ DV D QRGH RI WKH JUHDWHU %ULWLVK WUDQVSRUW QHWZRUN
DQG DV D FRQVHTXHQFH D SUHOLPLQDU\ VPDOOVFDOH YHUVLRQ RI WKH
QHWZRUNDQDO\VLVZDVGHYLVHG7KHSDWWHUQ LGHQWL¿HGZLWKLQ/RQGRQ
DSSHDUHG WR ODUJHO\ UHÀHFW WKH FKDQJHV LQ WKH RYHUDOO FRPPHUFH
QHWZRUN RI H[RWLFV LQ %ULWDQQLD :LWK WKH SUHVHQW SDSHU ZH DLP WR
SURYLGH D JHQHUDO DQDO\VLV RI WKLV QHWZRUN ZKLFK ZLOO DOORZ WKH
UHVHDUFKFRPPXQLW\WRXVHLWLQEURDGHUVWXGLHVRI5RPDQWUDGHDQG
LQWKHLQYHVWLJDWLRQRIWKHGHJUHHRIFRQQHFWLYLW\DQGLQWHJUDWLRQLQWR
WKHFRPPHUFHQHWZRUNRISDUWLFXODUQRGHVLHVLWHV6XFKDQDO\VLV
FDQ WKHQ FRQWULEXWH WR H[SODQDWLRQV RI FKDQJHV LQ UHJDUGV WR VLWH
IXQFWLRQDQGRUDFWLYLW\WKURXJKWLPH
 0HWKRGRORJ\QHWZRUNLQJ5RPDQ%ULWDLQ
0HWKRGVVXFKDVDUFKDHRPRUSKRORJ\3DOHWDQG2UHQJR
DQG/HDVW&RVW5RXWHPRGHOOLQJ/&5)L]DQG2UHQJRKDYH
EHHQ GHYLVHG DQG DUH URXWLQHO\ HPSOR\HG IRU WKH DFFXUDWH UHFRQ
VWUXFWLRQ RI 5RPDQ URXWHV 7KHLU DQDO\VLV LQ WHUPV RI FRPPXQLFD
WLRQWUDGHRUKLVWRULFDOVLJQL¿FDQFHKRZHYHUKDVJHQHUDOO\EHHQOHIW
XQH[SORUHG7KLVLVSUREDEO\GXHWRWKHFRQQHFWHGQDWXUHRIURXWHV
ZKLFK IRUP FRPPXQLFDWLRQ QHWZRUNV 7KHVH DUH VKDSHG E\ LQWHU
FRQQHFWHG QRGHV WKDW XVXDOO\ FRUUHVSRQG WR KDELWDWLRQ QXFOHL DQG
H[WHQG RYHU WHUULWRULHV VXUSDVVLQJ WKH UHJLRQDO VFDOH LQ VXFKDZD\
WKDW HYHQ D FKDQJH LQ D VLQJOH QRGH RU OLQN FDQ DIIHFW WKH ZKROH
QHWZRUN .QDSSHWW HW DO  KDYH GHPRQVWUDWHG KRZ WKH
GLVDSSHDUDQFHRI$NURWLULLQWKH0LQRDQFRPPXQLFDWLRQQHWZRUNKDG
LPSRUWDQWFRQVHTXHQFHVIRU WKHZKROHRI WKH0LQRDQFXOWXUH,Q WKH
VDPH ZD\ 0RO   VKRZHG KRZ D VPDOO LVODQG
FRPPXQLW\ FDQ EH DIIHFWHG DQG LQ WXUQ DIIHFW LWVHOI ZLGHU LVODQGV

QHWZRUNV LQ WKH WK FHQWXU\ 1RUWKHDVWHUQ &DULEEHDQ 6XFK
VWXGLHV VHUYH WR LOOXVWUDWH WKH LPSRUWDQFH RI D KROLVWLF DSSURDFK LQ
QHWZRUN VWXGLHV &RQVHTXHQWO\ WKH SDUWLDO UHFRQVWUXFWLRQ RI
FRPPXQLFDWLRQ QHWZRUNV SURYLGHG E\ WKH DIRUHPHQWLRQHG
PHWKRGVGRHVQRWXVXDOO\DOORZKROLVWLFDQDO\VHV ,Q UHJDUGV WRWKLV
VWXG\VLQFHDVLWH
VUHODWLYHLPSRUWDQFHLQWHUPVRIDFFHVVWRH[RWLFV
GHSHQGV RQ LWV SRVLWLRQ ZLWKLQ WKH H[RWLFV
 GLVWULEXWLRQ QHWZRUN
RQO\ FRQVLGHULQJ WKH ZKROH QHWZRUN LWV DFFHVV WR H[RWLFV FDQ EH
XQGHUVWRRG ,Q WKLV VHFWLRQ D QHZ VHW RI PHWKRGRORJLHV IRU WKH
UHFRQVWUXFWLRQ DQG DQDO\VLV RI WKH 5RPDQR%ULWLVK WUDQVSRUW
QHWZRUN DV D ZKROH DUH GHVFULEHG DQG WKHLU VLJQL¿FDQFH RXWOLQHG
%ULWDQQLDLVDSDUWLFXODUO\DGHTXDWHVWXG\DUHDIRUWKLVW\SHRIVWXGLHV
QRW MXVW IRU WKH FRPSOHWHQHVV RI LWV WUDQVSRUW V\VWHP EXW DOVR
EHFDXVHDVDQLVODQGLWKDVDUHODWLYHO\FORVHGQHWZRUN
 )LOOLQJXS WKHJDSV
7KH ¿UVW PHWKRGRORJLFDO QHHG ZDV WKH UHFRQVWUXFWLRQ RI WKH
5RPDQR%ULWLVKURDGQHWZRUNLQDVXLWDEOHIRUPIRUQHWZRUNDQDO\VLV
)LJ([WHQVLYHGDWDRQ5RPDQURDGVDUHFXUUHQWO\DYDLODEOHDQG
ZHUH SURYLGHG E\ +( WKH 5R\DO &RPPLVVLRQ RQ WKH $QFLHQW DQG
+LVWRULFDO 0RQXPHQWV RI :DOHV 5&$+0: DQG WKH 5R\DO
&RPPLVVLRQ RQ WKH $QFLHQW DQG +LVWRULFDO 0RQXPHQWV RI 6FRWODQG
5&$+06 WKH GDWD DUH DYDLODEOH XSRQ FRQWDFWLQJ WKH
FRUUHVSRQGLQJ DXWKRULWLHV $ QXPEHU RI SXEOLVKHG GDWD ZHUH DOVR
WDNHQ LQWR DFFRXQW HJ %LVKRS  &RGULQJWRQ  0DJJV
 0DUJDU\  6KHUPDQ DQG (YDQV  9LDWRUHV 
$OO WKLVZHDOWKRIHYLGHQFHKRZHYHUVWLOOGLGQRWSURYLGHDVXLWDEOH
QHWZRUN VLQFH GDWD RQ PDQ\ URDGV DUH LQWHUUXSWHG DQG GLVFRQWLQ
XRXV 7KH FRPSOHWHQHVV RI WKH QHWZRUN LV DQ LQÀXHQWLDO IDFWRU LQ
QHWZRUN DQDO\VLV DQG WKHUHIRUH D PHWKRGRORJ\ KDG WR EH GHYHO
RSHGWR¿OOLQWKHJDSV)LJ/&5ZDVHPSOR\HGWRUHFRQVWUXFWWKH
EHVWSRVVLEOHURXWHEHWZHHQWZRSRLQWVE\JHQHUDWLQJFRVWVXUIDFHV
PDSV UHSUHVHQWLQJ WKH FRVW RI PRYHPHQW 7KHVH XVXDOO\ HPSOR\
WRSRJUDSKLF DQG RWKHU HQYLURQPHQWDO YDULDEOHV OLNH PRYHPHQW
FRQVWUDLQV %HFDXVH RI WKH SDUWLFXODULWLHV RI WKH %ULWLVK RYHUDOO VRIW
WRSRJUDSK\ DQG WKH GDWD RQ %ULWLVK 5RPDQ URDG VWUHWFKHV ZKLFK
RIWHQ GLVSOD\HG D UHPDUNDEOH VWUDLJKW FRXUVH IRU PLOHV 3RXOWHU
LWZDVGHFLGHGWKDWWKHVROHXVHRIWRSRJUDSKLFGDWDZDVQRW
DGHTXDWH*LYHQ WKH UHPDUNDEOH FRUUHODWLRQEHWZHHQ5RPDQ URDGV
DQG WKH GLVWULEXWLRQ RI FXOWXUDO HOHPHQWV VXFK DV VLWHV RU ¿QGV
2UHQJRDQG3DOHWGDWDIURPGLIIHUHQWUHSRVLWRULHVLQFOXGLQJ
+(5&$+06WKH(DUO\0HGLHYDO&RUSXVRI&RLQ)LQGV(0&DQG
WKH3RUWDEOH$QWLTXLWLHV6FKHPH3$6WKHGDWDDUHDYDLODEOHXSRQ
UHTXHVW WR WKH UHOHYDQW DXWKRULWLHV ZHUH SORWWHG RQ *,6 DQG
HPSOR\HG WR JHQHUDWH D FRVW VXUIDFH IRU /&5 DQDO\VLV 7KH GDWD
ZHUH FODVVL¿HG DFFRUGLQJ WR W\SRORJ\ VHWWOHPHQWV RU VLWHV ZKHUH
JLYHQPRUHZHLJKWWKDQIRUH[DPSOH¿QGVDQGVSDWLDODFFXUDF\$OO
WKHVHHOHPHQWVDFWHGDVDWWUDFWRUVDFFRUGLQJWRWKHLUVSHFL¿FZHLJKW
DQGWKHUHIRUHWKHURXWHGHOLQHDWHGWKHEHVWSRVVLEOHZD\WRH[SODLQ
WKH GLVWULEXWLRQ RI FXOWXUDO HOHPHQWV RI 5RPDQ RULJLQ EHWZHHQ WZR
NQRZQVWUHWFKHVRID5RPDQURDG2QFHWKHJDSVLQWKH5RPDQURDG
V\VWHPZHUH¿OOHGLQDQGWKHQDYLJDEOHULYHUQHWZRUNRI%ULWDLQGDWD
PRGL¿HG IURP WKRVHSXEOLVKHGE\(OOLV -RQHV ZDV MRLQHG LQ
WKH WUDQVSRUW V\VWHP ZDV WUDQVIRUPHG LQWR D QHWZRUN ¿W IRU *,6
EDVHG DQDO\VLV 7KLV ZDV DFKLHYHG E\ FRUUHFWLQJ WKH QHWZRUN
WRSRORJ\ UHSDLULQJ VSOLW LVRODWHG RU GXSOLFDWH OLQNV DGGLQJ
GLUHFWLRQDOLW\ WR WKH OLQNV DQG FUHDWLQJ MXQFWLRQ LQIRUPDWLRQ DW HYHU\
OLQN FURVVLQJ 1R DVVXPSWLRQV DV WRZKLFK URXWHV ZHUH XVHG ZHUH
PDGH EXW LQVWHDG WKH HQWLUH QDYLJDEOH ULYHU WUDQVSRUW QHWZRUN DQG
DOO WKH DYDLODEOH ODQG WUDQVSRUWV\VWHPZHUH LQFOXGHG 7KLV DOORZHG
LQWHUURJDWLRQ RI WKH QHWZRUN ZLWK WKH DLP WR LGHQWLI\ ZKLFK RI WKHVH
URXWHVZHUHDFWXDOO\LQXVHIRUWKHPRYHPHQWRIH[RWLFV
 'LVWULEXWLQJH[RWLFV
7KH GLVWULEXWLRQ RI LQWURGXFHG IRRG SODQWV GXULQJ WKH 5RPDQ
SHULRGVHUYHVDVDQH[FHOOHQWSUR[\IRUWKHVWXG\RIFRPPHUFHDORQJ
WKH QHWZRUN 7KH H[RWLFV
 GDWDVHW KDV VRPH DGYDQWDJHV WR RWKHU
W\SHV RI PDWHULDO DUFKDHRERWDQLFDO UHPDLQV DUH QRW UHXVHG DV IRU
LQVWDQFHSRWWHU\RUPHWDODQGDFFRUGLQJO\ WKH\ UHÀHFWDGLVSHUVDO
SDWWHUQEDVHGRQFRQVXPSWLRQDQGRUGLVWULEXWLRQ,QIRUPDWLRQRQWKH
SUHVHQFH RI H[RWLF IRRG SODQWV ZHUH UHWULHYHG IURP D EDQN RI
DUFKDHRERWDQLFDO UHSRUWV FROOHFWHG WKURXJK ELEOLRJUDSKLFDOVHDUFK
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)LJ:RUNÀRZGHYHORSHGIRUWKHDQDO\VLVRIWKHGLVWULEXWLRQRIH[RWLFVXVLQJWKH5RPDQR%ULWLVKWUDQVSRUWV\VWHP
, ? ?KƌĞŶŐŽ ? ?>ŝǀĂƌĚĂ  ?:ŽƵƌŶĂů ŽĨƌĐŚĂĞŽůŽŐŝĐĂů ^ĐŝĞŶĐĞ  ? ? ? ? ? ? ? ? ? ? ?  ? ?
SHUVRQDO FRQWDFWV DQG XVH RI WKH $QFLHQW 0RQXPHQWV /DERUDWRU\
UHSRUWV IURP (QJOLVK +HULWDJH DQ XSGDWHG YHUVLRQ RI WKH
$UFKDHR%RWDQLFDO&RPSXWHU'DWDEDVH$%&'7RPOLQVRQDQG+DOO
DQGWKHHQYLURQPHQWDODUFKDHRORJ\ELEOLRJUDSK\IRUGHWDLOVRQ
WKHPHWKRGRORJ\VHH/LYDUGD9DQGHU9HHQHWDO
 7KH GDWD ZHUH GLYLGHG LQWR WKUHH SKDVHV HDUO\ (5 VW
FHQWXU\$'LQFOXGLQJXSWRHDUO\QGFHQWXU\$'PLGGOH05QG
DQGUGFHQWXULHV$'DQGODWH/5WKFHQWXU\$'LQFOXGLQJWKRVH
VWDUWLQJLQWKHUGFHQWXU\$'5RPDQDQGZHUHSORWWHGDFFRUGLQJO\
LQWRWKH*,6,QWRWDOWKHSUHVHQFHDQGGLVWULEXWLRQRILQWURGXFHG
SODQWV 6XSSOHPHQWDU\PDWHULDO7DEOHZHUHXVHG LQ WKHDQDO\VLV
DSSOHVDQGSHDUVZHUH FRPELQHGDVRQH FDWHJRU\DQG VRGLG WKH
FKHUULHV GXH WR WKH GLI¿FXOW\ LQ WKHLU LGHQWL¿FDWLRQ WR VSHFLHV OHYHO
DQGKHQFH WKHYDULDELOLW\ LQ WKHLU UHSRUWLQJ LQ WKHDUFKDHRERWDQLFDO
OLWHUDWXUH7KHUHFRUGLQJRIWKHLQWURGXFHGVSHFLHVWRRNLQWRDFFRXQW
RQO\WKHLUSUHVHQFHSHUVLWHGXHWRWKHYDULDELOLW\RIWKHTXDQWL¿FDWLRQ
PHWKRGV HQFRXQWHUHG LQ WKH OLWHUDWXUH WKDW GLG QRW DOORZ RWKHUZLVH
VWDQGDUGLVDWLRQ RI WKH GDWDVHW ,Q DGGLWLRQ IRU WKH SXUSRVHV RI WKLV
UHVHDUFK DEVROXWH TXDQWL¿FDWLRQ ZDV QRW QHFHVVDU\ DV WKH PHUH
SUHVHQFHRIDWD[RQDWDVLWHZRXOGGLFWDWHLWVWUDQVLWE\WUDGHURXWHV
2WKHUFRQWH[WXDOGDWDUHFRUGHGLQFOXGHGWKHSUHVHUYDWLRQPRGHVRI
HDFK VSHFLHV WKH VHFXULW\ RI LWV LGHQWL¿FDWLRQ DQG WKH SDUW RI WKH
SODQWUHFRYHUHGIRUDGHWDLOHGGLVFXVVLRQRQWKHSRWHQWLDOELDVHVRI
WKH GDWDVHW VHH 9DQ GHU 9HHQ HW DO  /LYDUGD  7KH
GLVWULEXWLRQ RI VLWHV ZLWK H[RWLFV SHU SHULRG VKRZHG D SRVLWLYH
FRUUHVSRQGHQFH ZLWK WKDW RI KDELWDWLRQ QXFOHL DV UHFRUGHG LQ WKH
8.
V QDWLRQDO KHULWDJH UHSRVLWRULHV H[FHSW IRU WKH DUHD RI :DOHV
ZKHUHIHZHUDUFKDHRERWDQLFDOUHSRUWVZHUHDYDLODEOHVHHDOVR9DQ
GHU9HHQHWDO
,Q RUGHU WR EXLOG D UREXVW PRGHO IRU WKH VSDWLDO GLVWULEXWLRQ RI
H[RWLFV FHUWDLQSDUDPHWHUV QHHGHG WR EH WDNHQ LQWRDFFRXQW 0DQ\
RI WKHP ZRXOG KDYH EHHQ LPSRUWHG IURP RXWVLGH %ULWDLQ DQG
FRQVHTXHQWO\ WKHLU ORFDO VXSSO\ ZRXOG EH DFKLHYHG WKURXJK XVDJH
RI WKH DYDLODEOH WUDQVSRUW V\VWHP 2WKHUV FRXOG KDYH EHHQ SRWHQ
WLDOO\WDNHQXSWR ORFDOFXOWLYDWLRQEXWRI WKHVHWKHRQHVWKDWUHPDLQ
DUFKDHRERWDQLFDOO\ YHU\ UDUH IRU WKH SHULRG XQGHU VWXG\ DUH
FRQVLGHUHG WR UHSUHVHQW SRWHQWLDO LPSRUWV DIWHU LQYHVWLJDWLQJ
WDSKRQRPLF SDUDPHWHUV 7KLV SUHVHQWHG D VHFRQG SUREOHP D VLWH
FRQWDLQLQJ RQO\ RQH VXFK RQHRII LPSRUW PLJKW QRW EH IXOO\
SDUWLFLSDWLQJ LQWR WKH H[RWLFV
 QHWZRUN 7KXV VLWHV WKDW LQFOXGHG
VHYHUDO H[RWLFV FRXOG SURYLGH D PRUH DFFXUDWH SLFWXUH IRU WKH FLU
FXODWLRQRI WKHVHJRRGV7RDFFRPPRGDWHDOOWKHDERYHWKHGDWDVHW
ZDVGLYLGHGLQWRWZRFDWHJRULHVWUXHH[RWLFVWKRVHVSHFLHVWKDW
FRXOGKDYHQRWEHHQWDNHQXSWRORFDOFXOWLYDWLRQ7KHGLVWULEXWLRQRI
VLWHV ZLWK SUHVHQFH RI WUXH H[RWLFV ZDV RQO\ HPSOR\HG IRU WKH
GHYHORSPHQWRI6S1$VKRUWHVWURXWHVVHHEHORZVLQFHWKHVHFRXOG
KDYH RQO\ EHHQ LPSRUWHG DQG  WKRVH IRRG SODQWV WKDW ZHUH
QHZO\ LQWURGXFHG LQ %ULWDLQ GXULQJ WKH 5RPDQ SHULRG ZKLFK
LQFOXGHG ERWK WUXH LPSRUWV DQG WKRVH SRWHQWLDOO\ FXOWLYDWHG 7KLV
FDWHJRU\ ZDV HPSOR\HG DV D FRPSDULVRQZLWK WKDW RI WUXH LPSRUWV
7KLV FRPSDULVRQ SURYLGHV D PHDVXUH RI WKH GLVWULEXWLRQ RI WKH
SRWHQWLDOO\ ORFDOO\ FXOWLYDWHG SODQWV DQG DQ DVVHVVPHQW RI WKHLU
LQFRUSRUDWLRQ LQWR WKH WUDGH SDWWHUQV RI HDFK SHULRG )RU WKLV FDWH
JRU\ LQVWHDG RI XVLQJ VLQJOH VSHFLHV GLVWULEXWLRQV DQ LQGH[ ZDV
GHYHORSHG WR DOORZ LQYHVWLJDWLRQ RI H[RWLFV
 DVVHPEODJH GHQVLWLHV
DFURVV %ULWDLQ ZKLOH PLQLPLVLQJ WKH LQSXW RI ERWK FRPPRQ VSHFLHV
WKDW FRXOG KDYH EHHQ WDNHQ XS WR ORFDO FXOWLYDWLRQ DQG VLQJOH VLWHV
ZLWK RQHRII VSHFLHV RFFXUUHQFHV 7KLV ZDV WKH 6LWH 5DULW\ ,QGH[
µ6WUL¶DQH[SUHVVLRQRI WKHVHVSHFLHV
 UDULW\DQGYDULHW\DWDVLWHE\
SHULRG 7KH 6WUL WDNHV LQWR DFFRXQW WKH ZKROH DVVHPEODJH RI QHZ
VSHFLHV LQ HDFK VLWH DQG LV D UHOLDEOH LQGLFDWRU RI WKH LQWHQVLW\ RI
DGRSWLRQ RI QHZ 5RPDQ FRQVXPSWLRQ WUHQGV IRU D GHWDLOHG
GHVFULSWLRQ RI WKH LQGH[ VHH /LYDUGD DQG 2UHQJR  VHH DOVR
)LJ7KH6WUL IRUDOO VLWHVZDV LQWHUSRODWHGXVLQJDQ ,QYHUVH'LV
WDQFH:HLJKWHG,':PHWKRGVHHIRULQVWDQFH&DUUHUDVIRU
DQ LQWHUSRODWLRQ RI H[RJHQRXV PDWHULDO LQ %ULWDQQLD DQG FRPELQHG
ZLWK WKH GLVWULEXWLRQ RI WUXH H[RWLFV WKDW FRXOG KDYH RQO\ EHHQ
LPSRUWHG SURYLGHG D UHSUHVHQWDWLRQ RI WKH VSDWLDO GLVWULEXWLRQ RI
QHZ IRRG SODQW VSHFLHV LQ %ULWDLQ IRU HDFK SHULRG KLJKOLJKWLQJ
LPSRUWDQWFRQVXPSWLRQDQGUHGLVWULEXWLRQDUHDVLQWKHQHWZRUN
 6RFLDODQGVSDWLDOQHWZRUNDQDO\VLV
7RDQDO\VH WKH WUDQVSRUW V\VWHP VRFLDO QHWZRUNDQDO\VLV 61$
DQG *,6EDVHG VSDWLDO QHWZRUN DQDO\VLV 6S1$ ZHUH HPSOR\HG
XVLQJ D SXUSRVHEXLOW ZRUNÀRZ )LJ  61$ KDV EHHQ XVHG LQ
DUFKDHRORJ\ PDLQO\ WR VWXG\ WKH VWUXFWXUH RI UHODWLRQVKLSV UHSUH
VHQWHGDVOLQNVEHWZHHQLQGLYLGXDODFWRUVRUQRGHVE\DOORZLQJWKH
JHQHUDWLRQRIK\SRWKHVHVDERXWVLWHV
KLHUDUFK\RUWKHH[SDQVLRQRI
KXPDQJURXSVRULGHDVIRUYDULRXVH[DPSOHVFRYHULQJGLYHUVHWLPH
SHULRGV FXOWXUHV DQG W\SHV RI DSSOLFDWLRQV VHH .QDSSHWW 
7KHVH 61$ DSSOLFDWLRQV KRZHYHU KDYH QRW EHHQ H[HPSW IURP
FULWLFLVP GXH WR WKH VXEMHFWLYH QDWXUH RI WKH OLQNV RU UHODWLRQVKLSV
EHWZHHQ WKHGLIIHUHQWQRGHVRI WKHQHWZRUNRIWHQEDVHGRQVKDUHG
LWHPV RI PDWHULDO FXOWXUH RU WKH UHGXFHG DYDLODELOLW\ RI HYLGHQFH
OLQNLQJ WKHP VHH 6LQGE N  IRU WKH DSSOLFDWLRQ RI 61$ WR
DUFKDHRORJLFDO GLVWULEXWLRQV ,VDNVHQ  DQG *UDKDP  RQ
DQFLHQW LWLQHUDULHV'LFNVDQG&DUUHUDVDQGGH6RWRRQ
5RPDQURDGQHWZRUNV ,Q WKLVVWXG\ WKH LQKHUHQWVXEMHFWLYLW\ LQ WKH
GHYHORSPHQW RI WKH QHWZRUN LV SDUWLDOO\ RYHUFRPH E\ WKH XVH RI D
VSDWLDO QHWZRUN WKDW UHÀHFWV WUDQVSRUW URXWHV RQ SK\VLFDO VSDFH
7KXV WKH 61$ UHVXOWV UHÀHFW UHDO FRQQHFWLYLW\ OLPLWHG RQO\ E\ WKH
QHWZRUN TXDOLW\ DQG WKH SDUDPHWHUV RI WUDQVSRUW WLPH DGRSWHG
$GGLWLRQDOO\ WKH WUDQVSRUW QHWZRUN LV LQGHSHQGHQWRI WKHDUFKDHR
ORJLFDOGDWDHPSOR\HGWRDQDO\VHLWLQWKLVFDVH WKH GLVWULEXWLRQ RI
H[RWLFV $OWKRXJK ERWK WKH WUDQVSRUW QHWZRUN DQG WKH H[RWLFV¶
GLVWULEXWLRQ DUH QHFHVVDULO\ LQFRPSOHWH GDWDVHWV ZLWK SRWHQWLDO
LPSDFW RQ DUFKDHRORJLFDO LQWHUSUHWDWLRQV WKH\ DUH LQGHSHQGHQW
YDULDEOHVWKDWWKH\GRQRWDIIHFWHDFKRWKHULQFRQWUDVWWRWKRVHXVHG
LQWUDGLWLRQDO61$DSSURDFKHV
7KH XVH RI WKH SK\VLFDO QHWZRUN KDG D VHFRQG DGYDQWDJH RYHU
WUDGLWLRQDO 61$ DSSURDFKHV LW DOORZHG WKH GHYHORSPHQW RI D
WUDQVSRUWDWLRQ QHWZRUN DQDO\VLV WKDW LQFOXGHG YHKLFOH URXWLQJ
SUREOHPVDQGFRXOGEHXVHG WRPRGHO WKHEHVW URXWHEHWZHHQ WZR
RU PRUH QRGHV WDNLQJ LQWR DFFRXQW WLPH DQG RWKHU UHVRXUFH DOOR
FDWLRQ SDUDPHWHUV 'HVSLWH LWV SRWHQWLDO 6S1$ KDV EHHQ LQIUH
TXHQWO\ XVHG LQ DUFKDHRORJ\ :KHDWOH\ DQG *LOOLQJV  
SUHVXPDEO\ GXH WR WKH ODFN RI FRPSOHWH HQRXJK GDWD RQ DQFLHQW
WUDQVSRUW V\VWHPV EXW VHH 6FKHLGHO HW DO  &DUUHUDV DQG
GH6RWR'H6RWRD
)RU WKH GHYHORSPHQW RI D WUDQVSRUW QHWZRUN DSW WR EH DQDO\VHG
XVLQJ 61$ DQG 6S1$ WKH ZD\V LQ ZKLFK H[RWLFV ZHUH WUDQVSRUWHG
DQG GLVWULEXWHG QHHGHG ¿UVW WR EH FRQVLGHUHG ([RWLF LPSRUWV ZHUH
DUULYLQJ WR WKH %ULWLVK DUFKLSHODJR E\ VHD IURP WKH &RQWLQHQW
6HDJRLQJ VKLSV
 WRQQDJH SUHYHQWHG WKHP IURP IROORZLQJ XSVWUHDP
ULYHU URXWHV DQG WKXV WKHLU FDUJR ZDV XQORDGHG RU WUDQVIHUUHG WR
VPDOOHUVKLSV7KHQDWXUHRIPRVWH[RWLFVVXFKDVVSLFHVDQGKHUEV
PHDQWWKDWWKHLUWUDGHZRXOGQRUPDOO\LQYROYHORZZHLJKWVDQGVPDOO
VL]HV DOORZLQJ IRU WKHLU WUDQVSRUW DORQJVLGH RWKHU EXONLHU JRRGV LQ
YHU\ GLYHUVH FDUJRHV )XOIRUG   ,Q IDFW VHYHUDO H[RWLF
LPSRUWVWR%ULWDQQLDZHUHWUDGHGLQVPDOOTXDQWLWLHVHYHQLQWKHLU¿UVW
SRUW RI HQWU\ IRU LQVWDQFH LQ (J\SW HJ 9DQ GHU 9HHQ  
IURPZKHUHWKH\ZRXOGODWHUEHUHGLVWULEXWHGWR5RPHDQGWKHUHVWRI
WKH(PSLUH ,Q%ULWDLQ RQFH LQ WKHSRUW WKHVH VSHFLHV ZRXOG KDYH
EHHQ GLVWULEXWHG WR QHLJKERXULQJ WRZQV DQG VHWWOHPHQWV XVLQJ
WKH DYDLODEOH WUDQVSRUW V\VWHP 7HUUHVWULDO WUDQVSRUWKDVEHHQFRQ
VLGHUHG SDUWLFXODUO\ DGHTXDWH IRU WKH PRYHPHQW DQGGLVWULEXWLRQ RI
YDOXDEOH DQG VPDOO VL]HG PHUFKDQGLVH )UD\Q  %HUU\ 
 +HQGULFNVRQ   0HGLHYDO UHFRUGV VXFK DV WKH
6RXWKDPSWRQ
V%URNDJH%RRNVUHYHDOWKHLPSRUWDQFHRIFDUW
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GLVWULEXWLRQ RI WKH PHUFKDQGLVH DUULYLQJ E\ VHD ZKLFK UHDFKHG
SODFHV DV GLVWDQW DV /RQGRQ &RYHQWU\ RU .HQGDO +LFNV 
7KHVHDOVRVKRZKRZWKHPRUHYDOXDEOHDQGH[RWLFWKHSURGXFWWKH
PRUH GLVWDQFH LW ZDV OLNHO\ WR WUDYHO E\ URDG +DUH  
&RQYHUVHO\EXONWUDQVIHUVVXFKDVWKRVHRIZKHDWE\WKHFURZQLQ
WKHIRXUWHHQWKFHQWXU\ZRXOGPDNHXVHRIULYHUWUDQVSRUWZKHQHYHU
SRVVLEOH0DVVFKDHOH7KHUHIRUHLWFRXOGEHDUJXHGWKDWULYHU
WUDQVSRUW ZRXOG KDYH EHHQ PRVWO\ XVHG IRU WKH EXON WUDQVSRUW RI
H[RWLFVQRUPDOO\RUJDQLVHGE\DFHQWUDODXWKRULW\RU ODUJHFRPSDQ\
DQGPRUHUDUHO\IRUGLVWULEXWLRQWRWKH¿QDOFRQVXPSWLRQSODFHVRUE\
LQGLYLGXDO HQWUHSUHQHXUV 8SULYHU WUDQVSRUW FRXOG EH PXFK VORZHU
WKDQFDUWDQGIRUWKHTXDQWLWLHVRIFDUJRLQYROYHGZRXOGKDUGO\EHHQ
ZRUWKZKLOH 'RZQULYHU WUDQVSRUW DOWKRXJK IDVWHU ZRXOG KDYH DOVR
LQYROYHGDQHOHPHQWRIGHOD\ZKLOHZDLWLQJ IRUDQDGHTXDWHVKLS WR
DUULYH XQORDG ORDG DQG GHSDUW IURP WKH KDUERXU DQG ZRXOG DOVR
LQFOXGH H[WUD SD\PHQW IRU WKH WUDQVSRUW /DXUHQFH  
)XUWKHUPRUH LW LV OLNHO\ WKDW WKH GLVWULEXWLRQ RI H[RWLFV ZRXOG KDYH
IROORZHG SUHHVWDEOLVKHG URXWHV LQYROYLQJ VHYHUDO VWRSV DQG
WKHUHIRUH LWZRXOGEH LQFRQYHQLHQW WRDOWHUQDWHWKHWUDQVSRUWPHDQV
EHWZHHQULYHUDQGURDGVWUHWFKHV
7KHDWWULEXWHVRIWKH5RPDQR%ULWLVKWUDQVSRUWDWLRQQHWZRUNZHUH
EXLOW WR UHÀHFW WKH DIRUHPHQWLRQHG SDUDPHWHUV ZLWK GLIIHUHQW WLPH
YDOXHVIRUURDGXSVWUHDPDQGGRZQVWUHDPULYHUDQGVHDPRYHPHQW
DQGH[WUDFRVW IRU WKHFKDQJHRI WUDQVSRUWPRGH )LJ$OWKRXJK
FKDQJHRIWUDQVSRUWZRXOGEHDOPRVWLPSRVVLEOHWRPRGHOGXHWRWKH
ODUJHTXDQWLW\RIIDFWRUVLQYROYHGWRQQDJHRIWKHFDUJRVKLSSRVLWLRQ
RI WKH JRRGV LQVLGH WKH KXOO WKH FRQWDLQHU XVHG WR WUDQVSRUW WKH
JRRGV IDFLOLWLHV DQG SHUVRQQHO DYDLODEOH DW WKH SRUW RI HQWU\ HWF
PLQLPXPK\SRWKHWLFDOYDOXHVZHUHDGRSWHGVHH)LJWRDW OHDVW
UHÀHFW VRPH H[WUD FRVW ,Q UHJDUGV WR WKH FRVW RI WUDQVSRUW LWVHOI
PDQ\ YDOXHV KDYH EHHQ GHYHORSHG LQ WKH DUFKDHRORJLFDO OLWHUDWXUH
1RWDEO\ &DUUHUDV  XSGDWHG WKH YDOXHV SURYLGHG E\ 'XQFDQ
-RQHV  DQG 'HPDQ  HPSOR\LQJ WKH ODWHU YHUVLRQ RI
'LRFOHWLDQ
V SULFH (GLFW GLVFRYHUHG DW $SKURGLVLDV 5RXHFKp 
ZKLFK ZHUH XVHG DOVR LQ RWKHU UHFHQW ZRUNV HJ 'H 6RWR D
&DUUHUDVDQGGH6RWR+RZHYHUWKHVHYDOXHVDUHFRQFHLYHG
IRUWKHFRVWRIPRYHPHQWRIEXONFDUJRDQGZRXOGQRWEHDGHTXDWHO\
DSSOLHG WRPRGHO WKHPRYHPHQWRIVPDOOTXDQWLWLHVRIPHUFKDQGLVH
&RQVHTXHQWO\FRVWRIPRYHPHQWEHWZHHQQRGHVZDVUHSUHVHQWHGLQ
WHUPVRIWLPHLQPLQXWHVDFFRUGLQJWRWUDQVSRUWPHWKRGZKLFKFDQ
PRUH DGHTXDWHO\ UHÀHFW IRRG SODQW GLVWULEXWLRQ FRVWV 7KH VSHHG
YDOXHV IRU WKH GLIIHUHQW WUDQVSRUW PHWKRGV ZHUH REWDLQHG IURP WKH
DIRUHPHQWLRQHGZRUNVVHH)LJ
2Q D ¿UVW OHYHO RI DQDO\VLV 6SDWLDO 'HVLJQ 1HWZRUN $QDO\VLV
V'1$GHYHORSHGE\ WKH&DUGLII6FKRRORI3ODQQLQJ	*HRJUDSK\
DQG WKH6XVWDLQDEOH3ODFHV5HVHDUFK ,QVWLWXWH &RRSHUHWDO
&RRSHUDQG&KLDUDGLDZDVHPSOR\HG WRGHULYH61$PHWULFV
FORVHQHVV DQG EHWZHHQQHVV FHQWUDOLW\ IRU WKH ZKROH RI WKH
5RPDQR%ULWLVKQHWZRUNDFFRUGLQJWRWUDQVSRUWWLPHSDUDPHWHUV)LJ
 V'1$ DOORZHG WR FRPSXWH 61$ PHWULFV DVVLJQLQJ D FXVWRP
ZHLJKWLQJ WR HDFK OLQN ZKLFK LQ WKLV FDVH ZDV WKH WLPH WKDW ZRXOG
FRVW WR WUDQVLW WKHP DFFRUGLQJ WR WUDQVSRUW W\SH 7KH XVH RI V'1$
DLPHG DW H[SORULQJ WKH SRWHQWLDO GHJUHH RI FRQQHFWLYLW\ RI WKH
GLIIHUHQWOLQNVRIWKH5RPDQR%ULWLVKWUDQVSRUWQHWZRUNXVLQJUHDOLVWLF
SDUDPHWHUV3UHYLRXVDSSURDFKHVVHHIRUH[DPSOH'LFNVIRU
%ULWDLQ ,VDNVHQIRU%DHWLFDSURYLQFH'H6RWREIRU1:
+LVSDQLDSURGXFHGFHQWUDOLW\PHDVXUHVIRUHDFKQRGHRUOLQNRIWKH
QHWZRUNDFFRUGLQJWRWKHQXPEHURIWRWDOOLQNVFRQQHFWHGWRLWLQVWHDG
RI UHDO GLVWDQFHV RU WUDQVLW WLPHV +HUH WKH ¿UVW PHWULF XVHG ZDV
EHWZHHQQHVV FHQWUDOLW\ ZKLFK FRXQWV WKH QXPEHU RI WLPHV WKDW D
VWUHWFKRIURDGRUQDYLJDEOHULYHUOLHVRQWKHVKRUWHVWURXWHEHWZHHQ
DOO WKHRWKHUVHJPHQWVRIWKHQHWZRUN&ORVHQHVVFHQWUDOLW\ZDVWKH
VHFRQGPHWULF DQG WKLV FRPSXWHV IRU HDFK URDG VWUHWFK WKH VXPRI
WKHGLVWDQFHVWRDOORWKHUOLQNHGVHJPHQWVSURYLGLQJDQHVWLPDWLRQRI
KRZFHQWUDO D SRVLWLRQ LQ WKHQHWZRUN LVDQG WKXVKRZFRQYHQLHQW
IRUUHGLVWULEXWLRQSXUSRVHV
2Q D VHFRQG OHYHO RI DQDO\VLV FORVHQHVV DQG EHWZHHQQHVV
PHWULFVZHUHFDOFXODWHGIRUHDFKVLWHSDUWLFLSDWLQJ LQWKHH[RWLFIRRG
SODQW WUDGH XVLQJ 8UEDQ 1HWZRUN $QDO\VLV 7RROER[ IRU $UF*,6
81$ GHYHORSHG E\ WKH &LW\ )RUP /DE IURP WKH 6LQJDSRUH
8QLYHUVLW\ RI7HFKQRORJ\ 	 'HVLJQ LQ FROODERUDWLRQ ZLWK 0,7 0,7
81$
VGHULYHGFORVHQHVVFHQWUDOLW\PHDVXUHVKRZDFFHVVLEOH
D VLWH LV WR DOO RWKHU VLWHV ZKLOH EHWZHHQQHVV HYDOXDWHV WKH
OLNHOLKRRG RI D VLWH
V SRVLWLRQ WR EH WUDQVLWHG ZKHQ PRYLQJ
EHWZHHQ RWKHU VLWHV ZLWK DFFHVV WR H[RWLFV XVLQJ WKH WUDQVSRUW
QHWZRUN 7KHVH FRPSOHPHQW WKH VWXG\ RI WKH ZKROH QHWZRUN
SURYLGHG E\ V'1$ E\ DQDO\VLQJ WKH FRQQHFWLYLW\ EHWZHHQ VLWHV IRU
HYHU\ SHULRG JLYHQ WKHLU ORFDWLRQ RQ WKH 5RPDQ WUDQVSRUW QHWZRUN
7KH VHOHFWLRQ RI 81$ DV DQ DQDO\VLV WRRO IRU WKH FRQQHFWLYLW\ RI
VLWHV LQVLGH WKH QHWZRUN DURVH IRU WKH QHHG WR DQDO\VH D UHDO
WUDQVSRUW QHWZRUN LQVWHDG RI D FRQFHSWXDO 61$ JUDSK 81$
SURYLGHV WKUHHPDLQDGYDQWDJHV WRWUDGLWLRQDO61$DSSURDFKHV 
MXVW DV V'1$ GRHV LW DFFRXQWV IRU JHRPHWU\ DQG LPSHGDQFH
DWWULEXWHV ZKLFK KHUH LV WKH WUDQVLW WLPH DFFRUGLQJ WR WUDQVSRUW
W\SH LQVWHDGRI WKHXVXDOFRXQWRIQXPEHURIFRQQHFWLRQVDYDLODEOH
WRHDFKQRGH  ,W WDNHV LQWRDFFRXQW WKHUHODWLYHSRVLWLRQRIRWKHU
VLWHV WR FDOFXODWH FHQWUDOLW\ PHWULFV ,Q WKLV ZD\ WKHLU FHQWUDOLW\ ZLOO
FKDQJH LQ DFFRUGDQFH WR WKH GLVWULEXWLRQ RI VLWHV ZLWK QHZ IRRG
SODQWV LQ WKH GLIIHUHQW SHULRGV HYHQ LI WKH OD\RXW RI WKH 5RPDQ
WUDQVSRUWV\VWHPUHPDLQVHVVHQWLDOO\ WKHVDPH ,Q WKLVUHJDUG81$
RIIHUVDQLPSRUWDQWFRPSOHPHQWWRWKHVWDWLFPHDVXUHVIRUWKHZKROH
WUDQVSRUWQHWZRUNSURYLGHGE\V'1$7KLVLVDQLPSRUWDQWGLVWLQFWLRQ
DV WKH QHWZRUN OLQNV
 PHWULFV SURYLGH D SLFWXUH RI WKH SRWHQWLDO RI
FRPPXQLFDWLRQ IRU HYHU\ VWUHWFK EXW WKH VLWHV
 FHQWUDOLW\ LV GHWHU
PLQHG DOVR E\ WKH UHODWLYH SRVLWLRQ RI RWKHU VLWHV LQ WKH QHWZRUN
$OWKRXJK WKHVH WHQG WR EH UHODWHG OLQNV ZLWK EHWWHU FRPPXQLFDWLRQ
SRWHQWLDOWHQGWRDWWUDFWPRUHVLWHVWKHYDULHW\LQWHUPVRIVL]HDQG
IXQFWLRQRIVLWHVDQGWKHDGRSWLRQRIDPXOWLWHPSRUDODSSURDFKWKDW
LPSOLHVFKDQJHVLQWKHGLVWULEXWLRQDQGIXQFWLRQRIVLWHVUHQGHUVWKH
VHSDUDWH61$RIWKHQHWZRUNDQGWKDWRIWKHVLWHVLQVLGHWKHQHWZRUN
LPSHUDWLYH2QO\LQWKLVZD\DPHDQLQJIXODQDO\VLVRIVLWHORFDWLRQVLQ
UHODWLRQ WR WKHLUSRWHQWLDO IRUFRPPXQLFDWLRQFDQEHPDGH 81$
RYHUFRPHV DQ LPSRUWDQW SUREOHP ZKHQ DSSO\LQJ 61$ WR D UHDO
WUDQVSRUW QHWZRUN LQVWHDG RI D FRQFHSWXDO QHWZRUN LQ D SK\VLFDO
WUDQVSRUW V\VWHPVLWHVGRQRW QHFHVVDULO\ QHHG WREHJUDSKQRGHV
WKDWLVSODFHGDWLQWHUVHFWLRQVRIOLQNVDQGWUDGLWLRQDO61$VRIWZDUH
RQO\ DFFRXQWV IRU WKH QHWZRUN
V QRGHV DQG HGJHV 81$ DOORZV WKH
LQFOXVLRQRIHOHPHQWV LQ WKLV FDVHVLWHVZKLFKDUHXVHGDVVSDWLDO
XQLWVRIDQDO\VLVIRUDOOPHDVXUHV7KLVLVDQLPSRUWDQWGHYHORSPHQW
EHFDXVH PDQ\ RI WKH VLWHV DUH QRW ORFDWHG LQ LQWHUVHFWLRQV RI WKH
QHWZRUNDQGGRQRWFRUUHVSRQGWRQRGHVLQWKHFODVVLFDO61$VHQVH
EXWDOVREHFDXVHWZRVLWHVORFDWHGDWGLIIHUHQWSRVLWLRQVRIWKHVDPH
QHWZRUNVHJPHQWZLOORXWSXWGLIIHUHQWDFFHVVLELOLW\UHVXOWV
/DVWO\ 6S1$ ZDV XVHG WR PRGHO WKH VKRUWHVW URXWHV UHJDUGLQJ
WUDQVSRUWWLPHEHWZHHQVLWHVZLWKWUXHH[RWLFVDQGVLWHVZLWKDOOQHZ
LQWURGXFWLRQV VHSDUDWHO\ 7KH PRGHOOHG URXWHV GR QRW QHFHVVDULO\
QHHGWRKDYHEHHQXVHGWRWUDQVSRUWH[RWLFVEXWGHSLFWWKRVHURXWHV
PRUH FRQYHQLHQW WR FRPPXQLFDWH VLWHV ZLWK SUHVHQFH RI H[RWLFV
6LQFH LW LV LPSRVVLEOH WR NQRZ ZKLFK VLWHV ZHUH UHODWHG WR H[RWLFV¶
UHGLVWULEXWLRQ DQG ZKLFK RQHV ZHUH WKHLU ¿QDO FRQVXPSWLRQ SODFH
WKH\ ZHUH DOO WUHDWHG DV D VLQJOH FDWHJRU\ WKDW LV WKH\ ZHUH
FRQVLGHUHG DV QRGHV LQ WKH H[RWLF IRRG SODQW GLVWULEXWLRQ QHWZRUN
ZLWKRXW IXUWKHU GLIIHUHQWLDWLRQ 7KH UHVXOWV DOORZHG PHDVXULQJ WKH
UHODWLYHLPSRUWDQFHRIWUDQVSRUWQHWZRUNVHFWLRQVLQWKHFRPPHUFHRI
VXFK H[RWLFV XVLQJ WKH PRVW GHQVHO\ WUDQVLWHG URXWHV FRQQHFWLQJ
WKHP 7KH GLIIHUHQFHV EHWZHHQ WKH FHQWUDOLW\ PHWULFV RI WKH ZKROH
QHWZRUNUHÀHFWLQJSRWHQWLDOWUDQVSRUWLQ5RPDQ%ULWDLQDQGWKHRQHV
REWDLQHG IURP WKH GLVWULEXWLRQ RI VLWHV ZLWK WUXH LPSRUWV GLUHFWO\
UHODWHG WR FRPPHUFH WRJHWKHU ZLWK WKH 6WUL GHQVLW\ PDSSLQJ DQG
QXPHULFYDOXHVXVLQJVLWHVZLWKDOOH[RWLFVLQIRUPLQJRQWKHGLYHUVLW\
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VL]H DQG VSDWLDO GLVSHUVLRQ RI H[RWLF IRRG SODQW DVVHPEODJHV
SURYLGHG LQVLJKWV LQWR WKH QDWXUH RI WKLVFRPPHUFH 7KH XVH RI D
PXOWLSHULRGGDWDVHWDOORZHGWKHVWXG\RILWVGHYHORSPHQWGXULQJWKH
5RPDQSHULRG
 0HDVXULQJWKH5RPDQR%ULWLVKWUDQVSRUWQHWZRUN
7KH FRPELQHG UHVXOWV RI FORVHQHVV DQG EHWZHHQQHVV FHQWUDOLW\
PHWULFV)LJSURYLGHLQWHUHVWLQJQHZLQVLJKWVLQWRWKHFKDUDFWHURI
WKH5RPDQR%ULWLVKWUDQVSRUWQHWZRUNZKLFKZDVDOUHDG\IRUPHGE\
WKHHQGRIWKHVWFHQWXU\$'
V'1$GHULYHGFORVHQHVVFHQWUDOLW\QHWZRUNTXDQWLW\SHQDOLVHGE\
GLVWDQFHVKRZVDVLJQL¿FDQWGHYLDWLRQIURPWKHQHWZRUN
VJHRPHWULF
FHQWUH WRZDUGV WKH VRXWKHDVW RI %ULWDLQ /RQGRQ DOWKRXJK LQ D
PDUJLQDOJHRPHWULFSRVLWLRQVKDUHVDYHU\KLJKGHJUHHRIFHQWUDOLW\
GXHWRLWVFRQQHFWLRQWRWKHVHDZKLOHEHLQJUHDVRQDEO\LQODQGDQG
WR LWV FRQQHFWLRQ WR 7KDPHV SURYLGLQJ DFFHVV WR WKH ZHVW RI WKH
LVODQG ,WV DVVRFLDWLRQ WR VHYHUDO LPSRUWDQW URDGV DFFRUGLQJ WR WKH
UHVXOWV RI WKH EHWZHHQQHVV FHQWUDOLW\ PHWULFV LV SDUWLFXODUO\
VLJQL¿FDQWDQGUHOHYDQWIRUWKHDQDO\VLVRISURGXFWVVXFKDVH[RWLFV
WKDW PLJKW KDYH EHHQ WUDQVSRUWHG E\ URDG $LGHG E\ VXFK FHQWUDO
JHRJUDSKLFDO SRVLWLRQ WKH FRPPHUFLDO DQG FRVPRSROLWDQ QDWXUH RI
/RQGRQVLQFHLWVHVWDEOLVKPHQWZDVWKHNH\IDFWRU WKDW GHWHUPLQHG
LWV SURPLQHQFH :DFKHU  DQGSRVVLEO\ WKXV SURPSWHG
GHYHORSPHQW RI WKH WUDQVSRUW QHWZRUN DURXQG LW ERRVWLQJ LWV
FRQQHFWLYLW\ DV DOVR QRWHG E\ 'LFNV  DQG &DUUHUDV DQG GH
6RWRDPRQJRWKHUV7KHFHQWUDOLW\RIWKHVRXWKHDVWHUQVHFWRU
RI%ULWDLQPLJKWKDYHEHHQUHODWHGDOVRWRWKHSUHVHQFHRILPSRUWDQW
,URQ $JH QXFOHL DQG SDWKV MRLQLQJ WKHP LQ WKH DUHD EXW PRVW
LPSRUWDQWO\ WR LWV HDUO\ 5RPDQ DQQH[DWLRQ LQ $'  7KLV PLJKW
H[SODLQ DQ HDUOLHU DQG GHQVHU GHYHORSPHQW RI WKH URDG QHWZRUN LQ
WKLV DUHD MRLQLQJ SUH5RPDQ QXFOHL DQG H[SDQGLQJ IROORZLQJ WKH
FRQTXHVW
%HWZHHQQHVV FHQWUDOLW\ YDOXHV IRU WKH %ULWLVK WUDQVSRUW QHWZRUN
SURYLGH LQIRUPDWLRQ RQ WKH PRVW DFFHVVLEOH DQG SUREDEO\ WKRU
RXJKO\ XVHG URXWHV ,W LV KDUGO\ VXUSULVLQJ WKDW FRDVWDO VHD URXWHV
H[KLELWSDUWLFXODUO\KLJKYDOXHVDV WKHVHFRQQHFWHGPXOWLSOHFRDVWDO
ORFDWLRQVDQGLQODQGFLWLHVZLWKQDYLJDEOHULYHUVLQOHVVWLPHWKDQDQ\
RWKHU WUDQVSRUWPHDQV ,W LV LQWHUHVWLQJ WRQRWH WKDW LPSRUWDQWQXFOHL
VDWDW WKH LQWHUVHFWLRQRI URDGVZLWKKLJKEHWZHHQQHVVYDOXHV7KLV
PLJKWKDYHEHHQDFRQVHTXHQFHRI WKH OD\RXWRI WKH URDGQHWZRUN
ZKLFK LQLWLDOO\ ZDV UHODWHG WR PLOLWDU\ FDPSDLJQV DQG WKHLU QHHG WR
DFFHVVQDWLYHFHQWUHV VXFKDV&DOOHYD 6LOFKHVWHU&DPXORGXQXP
&ROFKHVWHUDQG9HUXODPLXP6W$OEDQV0DQ\RIWKH¿UVWFHQWXU\
5RPDQ IRXQGDWLRQV KRZHYHU VHHP WR KDYH EHHQ VHOHFWLQJ
VWUHWFKHV ZLWK KLJK EHWZHHQQHVV YDOXHV 1RWDEOH LV DOVR WKH
FRUUHVSRQGHQFH RI KLJK EHWZHHQQHVV URXWHV ZLWK WKRVH RI WKH
$QWRQLQH ,WLQHUDU\ $, LQGLFDWLQJ WKDW WKHLU LPSRUWDQFH VKRXOG EH
UHODWHG WR WKHLU FRQQHFWLYLW\ 6RPH H[DPSOHV LQFOXGH WKH URXWHV
FRQQHFWLQJ /RQGLQLXP ZLWK 9HQRQLV DQG 'HYD $, URXWH ,, WKURXJK
:DWOLQJ 6WUHHW ZLWK &DOOHYD WKURXJK 3RUWZD\ $, URXWH 9,, DQG
&RULQLXP WKURXJK (UPLQ 6WUHHW $, URXWH ;,,, DQG ZLWK /LQGXP
/LQFROQ DQG (ERUDFXP <RUN WKURXJK (UPLQH 6WUHHW SDUWV RI $,
URXWHV 9 DQG 9,,, 7KH VHHPLQJO\ OLPLWHG FRQQHFWLYLW\ RI VRPH
$QWRQLQH URXWHV VXFK DV URXWH ;9 OLQNLQJ &DOOHYD ZLWK 9HQWD DQG
,VFD 'XPQRQLRUXP ([HWHU PLJKW EH UHODWHG WR WKH KLJKHU FRQ
QHFWLYLW\ DWWULEXWHG WR FRDVWDO WUDQVSRUW DQG WKHUHIRUH GRHV QRW
QHFHVVDULO\ LPSO\ UHGXFHG UROHRI URDG WUDYHODV LQGLFDWHG LQ)LJ
7KH KLJK YDOXH RI WKH URDGV DVVRFLDWHG WR +DGULDQ
V :DOO FDQ EH
H[SODLQHGE\EHLQJWKHVKRUWHVWSDWKOLQNLQJWKHHDVWDQGZHVWFRDVWV
DQGWRDOHVVHUH[WHQWE\LWVFRQQHFWLRQWRWKHPRVWWUDQVLWHGQRUWK
VRXWKURDGZKLOHDOORZLQJDFFHVVWRWKHQRUWKHUQPRVWWHUULWRULHV
 1HWZRUNLQJH[RWLFV
7KHUHVXOWVRIWKHDSSOLFDWLRQRIWKHVHPHWKRGRORJLHVE\SHULRG
DUHSURYLGHG LQ)LJVDQG VHHDOVR)LJDQG6XSSOHPHQWDU\
7DEOHV  DQG  ZKLFK VKRZ VLJQL¿FDQW GLIIHUHQFHV EHWZHHQ WKH
HDUO\ PLGGOH DQG ODWH 5RPDQ SHULRGV 7KHVH DUH H[SORUHG LQ WKH
IROORZLQJ VHFWLRQV 7KH DLP LV QRW WR SURYLGH D FRPSUHKHQVLYH
DQDO\VLV RI WKH WUDQVSRUW RI LPSRUWHG IRRG SODQWV EXW UDWKHU WR
JHQHUDWH DQ RYHUDOO SLFWXUH WR LOOXVWUDWH WKH SRWHQWLDO RI HPSOR\LQJ
QHWZRUN DSSURDFKHV LQ FRPELQDWLRQ ZLWK GLVWULEXWLRQV RI LPSRUWHG
PDWHULDOFXOWXUHDQGLQGRLQJVRKLJKOLJKWLQDJHQHUDOZD\ORQJWHUP
WUHQGV LQ WKH LPSRUWDQGGLVWULEXWLRQRIH[RWLF IRRGSODQWV LQ5RPDQ
%ULWDLQ
'LVWULEXWLRQV RI FHUDPLF W\SHV ZLWK WKH VDPH FKURQRORJ\ WKDQ
WKDWRI HDFK VWXG\ SKDVH KDYH EHHQ HPSOR\HG LQ RUGHU WR WHVW K\
SRWKHVHV RQ WKH GLVWULEXWLRQ RI H[RWLFV 7KH GDWDVHWV XVHG LQFOXGH
WKHRQOLQHGDWDEDVHRI µ5RPDQ$PSKRUDV LQ%ULWDLQ¶ 7\HUVD
DQG µ3RWVKHUG DQ DWODV RI 5RPDQ SRWWHU\ LQ %ULWDLQ¶ KWWS
SRWVKHUGQHW DQ RQOLQH UHVRXUFH GHYHORSHG IURP 7\HUV E
3HUWLQHQW SXEOLVKHG PDWHULDO RQ WKH GLVWULEXWLRQ RI FHUDPLFV LQ
%ULWDQQLDZDVDOVRHPSOR\HGDQGTXRWHGZKHUHUHOHYDQW
 (DUO\5RPDQVW WRHDUO\QGFHQWXU\$'
'XULQJWKLVSHULRGWKHUHLVDVWURQJSUHVHQFHRIH[RWLFVLQFRDVWDO
DUHDVDQGSRUWVDFFHVVLEOH WRVHDJRLQJVKLSV ,Q WHUPVRI ODQGGLV
WULEXWLRQ 6S1$ VHHPV WR SRLQW WRZDUGV D SURPLQHQW XVH RI WKH
VRXWKZHVWHUQDQGVRXWKHUQURXWHVFRPSDUHG WR WKH0LGGOH5RPDQ
SHULRGVHHEHORZ)URP,VFD'XPQRQLRUXPDURXWHZLWKQRUWKHDVW
GLUHFWLRQ IROORZLQJ WKH )RVV :D\ WKURXJK &RULQLXP &LUHQFHVWHU
5\NQLOG 6WUHHW DQG QRUWK WKURXJK %UHPHWHQQDFXP 5LEFKHVWHU
VKRZVJUHDWSRWHQWLDOWRFRQQHFWVLWHVZLWKDFFHVVWRQHZIRRGSODQWV
DQG VHHPV WR EH RQH RI WKH IRFDO SRLQWV LQ WKH (5 H[RWLFV

GLVWULEXWLRQQHWZRUNE\URDG0RVWLPSRUWDQWO\&DOOHYDVHHPVWRDFW
DVD UHGLVWULEXWLRQFHQWUH µFRQFHQWUDWLQJ¶ WKRVH URXWHVFRPLQJ IURP
VRXWKHUQ FRDVWDO ORFDWLRQV IURP ,VFD WR 1RYLRPDJXV &KLFKHVWHU
7KLVVLWHVKRZVKLJKYDOXHVRIEHWZHHQQHVDQGFORVHQHVVFHQWUDOLW\
EXWDYHUDJH6WULYDOXHVLQGLFDWLQJDSURPLQHQWUROHRIWKHFLW\LQWKH
GLVWULEXWLRQ RI H[RWLFV 7KLV PD\ QRW EH D FRLQFLGHQFH DV VHYHUDO
H[RWLFVKDYHEHHQLGHQWL¿HGDWWKH/DWH,URQ$JHRSSLGXPDW&DOOHYD
/RGZLFNZKLFKPD\LPSO\WKHHVWDEOLVKPHQWRIDQHDUO\QRGH
LQ WKHLU WUDGH LQDFFRXQWRI LWVVWUDWHJLFSRVLWLRQ &XQOLIIH
/DXUHQFH   'DWD RQ LPSRUWHG SRWWHU\ FDQ DOVR DWWHVW WR
&DOOHYD
V VWURQJ OLQNV ZLWK WKH &RQWLQHQW ZKLFK GXULQJ WKH SUH
FRQTXHVWSHULRGLQFOXGHVDQLPSUHVVLYHDUUD\DQGTXDQWLW\RI&HQWUDO
*DXOLVK ZDUHV DQG GXULQJ WKH (5 SHULRG VKRZV D PRUH GLYHUVH
VRXUFHRILPSRUWVWKDQWKDWRI/RQGRQ7LPE\&DOOHYD
DOVR KDV D VWURQJ FRQQHFWLRQ ZLWK /RQGLQLXP ZKLFK DW WKLV VWDJH
GHVSLWHEHLQJDFOHDUIRFDOQRGHGRHVQRWVHHPWRSOD\DFHQWUDOUROH
LQ WKH GLVWULEXWLRQ RI H[RWLFV EXW JLYHQ LWV KLJK 6WUL YDOXH FDQ EH
FRQVLGHUHG D FRQVXPSWLRQ VLWHZKLFK VHHPV WREH UHÀHFWHG LQ WKH
UHJXODUDFTXLVLWLRQRIDOOW\SHVRILQWURGXFHGIRRGSODQWVIRXQGZLWKLQ
WKHFLW\/LYDUGDDQG2UHQJR ,PSRUWDWLRQRIDZLGHUDQJHRI
H[RWLF IRRG SODQWV WR /RQGLQLXP KDV EHHQ LGHQWL¿HG 6LGHOO 
/LYDUGD DQG 2UHQJR  DQG LWV UROH DV D FRPPHUFLDO FHQWUH
GXULQJWKLVSKDVHLVZHOOHVWDEOLVKHGHJ0LOOHWW,QWHUHVWLQJO\
KRZHYHUGHVSLWHVXJJHVWLRQV WKDW/RQGRQ LQLWLDOO\GHYHORSHGDVDQ
HQWUHS{W IRU WKHVXSSO\RI WKHPLOLWDU\ HJ3HUULQJRXU
DQDO\VLV VXJJHVWV WKDW LQ WKHFDVHRIH[RWLF IRRGSODQWV WKRVH WKDW
HQWHUHGLQWRWKHWRZQZHUHPDLQO\LQWHQGHGIRULWVFRVPRSROLWDQDQG
GLYHUVH LQKDELWDQWV 2XU UHVXOWV DUH LQ DJUHHPHQW ZLWK :DOODFH
V
UHVHDUFK  ZKR DUJXHG WKDW LQ WKH SUH%RXGLFDQ SHULRG
/RQGRQ
V WUDGHUV KDG UDWKHU ZHDN WLHV WR %ULWLVK WUDGH QHWZRUNV
FRPSDUHGWRWKRVHRI*DXODQG*HUPDQ\
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)URP &DOOHYD DQ LPSRUWDQW URXWH KHDGHG QRUWK XS WR 5DWDH
/HLFHVWHU ZKHUH LW FRQQHFWHG WR WKH URXWH KHDGLQJ WRZDUGV %UH
PHWHQQDFXPUHDFKLQJ¿QDOO\WKHDUHDRIWKHODWHU+DGULDQ
V:DOODW
WKHKHLJKWRI/XJXYDOLXP&DUOLVOHDQGWRWKH)RVV:D\DQG(UPLQH
6WUHHW$VHFRQGQRUWKVRXWKD[LV MRLQHGVRXWKHDVWHUQQXFOHLVXFK
DV/RQGLQLXPDQG&DPXORGXQXP &ROFKHVWHUZLWKQRUWKHUQQXFOHL
OLNH &DVWOHIRUG DQG (ERUDFXP WKURXJK (UPLQH 6WUHHW 7KLV URXWH
VHHPV DOVR WR KDYH EHHQ WKH PRVW LPSRUWDQW URXWH IRU WKH GLVWUL
EXWLRQRIH[RWLFVQRUWKRI+DGULDQ
V:DOOIROORZLQJ'HUH6WUHHWZKHUH
WKH KLJKHVW 6WUL YDOXHV DUH FRQFHQWUDWHG ¿QDOO\ UHDFKLQJ WKH DUHD
ZKHUHWKH$QWRQLQHZDOOZRXOGEHEXLOW
$QRWKHU LQWHUHVWLQJ REVHUYDWLRQ LV WKH KLJK FORVHQHVV FHQWUDOLW\
YDOXHVDWWKHHQGRIWKHQDYLJDEOHVWUHWFKRIWKH7KDPHVDURXQGWKH
PRGHUQ FLWLHV RI 2[IRUG DQG 'LGFRW 7KH ORZ 6WUL QXPHULFDO YDOXH
KRZHYHU LQGLFDWHV WKDW GHVSLWH WKH FRQFHQWUDWLRQ RI H[RWLFV LQ WKLV
DUHDWKHVHDUHQRWSDUWLFXODUO\GLYHUVHRUUDUHLQLQGLYLGXDOVLWHV7KLV
FRQFHQWUDWLRQPLJKWEH WKXV UHODWHG WR WKHEXON WUDQVSRUWRIH[RWLFV
YLD 7KDPHV WR UHDFK D FHQWUDO SRVLWLRQ IRU UHGLVWULEXWLRQ SXUSRVHV
6WULWRJHWKHUZLWKWKHORZFRQQHFWLYLW\YDOXHDWWULEXWHGWRWKHULYHUE\
V'1$ FDOFXODWLRQV LQGLFDWH WKDW UHDFKLQJ WKLV FHQWUDO SRVLWLRQ
KDOIZD\ EHWZHHQ WKH HDVW DQG ZHVW FRDVWV ZRXOG KDYH EHHQ
DFKLHYHGE\XSULYHUVKLSWUDQVSRUW7KLVZRXOGRQO\EHFRVWSUR¿WDEOH
LI UHODWLYHO\ ODUJHTXDQWLWLHVRIH[RWLFVZRXOGEH WUDQVSRUWHGRU WKH\
WUDYHOOHGDVSDUWRIRWKHUFDUJR7KLVDUHDZDVDOVRFURVVHGE\ WKH
PDLQ URXWH FRPLQJ IURP 6LOFKHVWHU DQG GLVWULEXWLQJ H[RWLFV WRZDUGV
WKHQRUWK7KHSRVLWLRQRI/RQGRQZRXOGKDYHEHHQDPDMRUIDFWRULQ
LWV KLJK 6WUL LQWHUSRODWLRQ DQG QXPHULFDO YDOXHV /RQGLQLXP ZDV
FRQWUROOLQJ WKH H[RWLFV
 DFFHVV WKURXJK D PDMRU ULYHU URXWH WRZDUGV
WKH JHRJUDSKLFDO FHQWUH RI %ULWDLQ LW ZDV UHFHLYLQJ LPSRUWV IURP
VRXWKHUQSRUWVWKURXJKWKHPXFKIDVWHUGRZQULYHU7KDPHVURXWHDQG
LW KDG DFFHVV WR VHDJRLQJ VKLSV DQG URDG FRQQHFWLRQV $SDUW IURP
/RQGRQ RWKHU FRQVXPSWLRQ FHQWUHV DFFRUGLQJ WR WKHLU KLJK 6WUL
YDOXHV GXULQJ WKLV SHULRG LQFOXGH WKH IRUWV RI(ERUDFXPDQG%UH
PHWHQQDFXP DQG WKRVH DW WKH DUHD RI WKH ODWHU+DGULDQ
V:DOO
ZKHUH5RPDQJDUULVRQVZRXOGEHFRQFHQWUDWHG
7KHSUHVHQFHRIH[RWLFV LQ WKLVSKDVHVKRZVDYHU\VLPLODUGLV
WULEXWLRQ WR WKDW RI DPSKRUDH RI VLPLODU FKURQRORJLHV VXFK DV +DO
WHUQ  DQG &DPXORGXQXP  
FDUURW
 DPSKRUDH )LJ  ZKLFK
LQFOXGHGLQWKHLUFRQWHQWVH[RWLFVVXFKDVROLYHVDQGGDWHVEXWDOVR
/RQGRQ'UHVVHODQG'UHVVHO%RWK+DOWHUQDQG&DUURW
DPSKRUDH DUHPRVWO\ IRXQG LQPLOLWDU\ VLWHV )LJ ZKLFK LPSO\ D
VWDWHFRQWUROOHG GLVWULEXWLRQ RI SURGXFWV LQ EXON ,Q WKLV UHJDUG WKH
FRUUHODWLRQ RI ERWK W\SHV RI ¿QGV FORVH WR QDYLJDEOH ULYHUV )LJ 
VXSSRUWV WKH WUDQVSRUW RI ERWK H[RWLF IRRG SODQWV DQG DPSKRUDH LQ
EXON DOWKRXJK WKH LPSRUWDQFH RI ULYHU WUDQVSRUW PLJKW DOVR EH
FRQQHFWHG WR WKH LQFLSLHQW VWDWH RI 5RPDQ URDGV GXULQJ WKH ¿UVW
VWDJHVRI WKLVSKDVH$VDPSKRUDHZHUHXQVXLWDEOH IRU ODQG WUDQV
SRUWGXHWRWKHLUZHLJKW&DUUHUDV7FKHUQLD
WKHLU FRUUHODWLRQZLWKQDYLJDEOH ULYHUV LVVWURQJHUEXW WKHLU FRQWHQWV
MXVW DV WKH H[RWLFV KDG WR PDNH XVH RI WKH URDG QHWZRUN WR UHDFK
WKHLU ¿QDO GHVWLQDWLRQ LQ PDQ\ FDVHV :KLOH WKH H[RWLFV
 SUHVHQFH
GRHVQRWVKRZVXFKDVWURQJFRUUHODWLRQZLWKPLOLWDU\VLWHVWKH\PLJKW
KDYHEHHQSDUWRI WKHFDUJR WUDQVSRUWLQJ WKHVHDPSKRUDH LQVRPH
FDVHV DV DPSKRUD FRQWHQWV 7KH KLJK 6WUL YDOXHV RI PLOLWDU\ VLWHV
VHHPWRFRQ¿UPVXFKDK\SRWKHVLVDOWKRXJKWKHSUHVHQFHRIH[RWLFV
LQ QRQPLOLWDU\ VLWHV DQG WKH LPSRUWDQW 6WUL YDOXH RI VRPH QDWLYH
RSSLGD OLNH &DOOHYD DQG $TXDH 6XOOLV VHHP WR LQGLFDWH WKDW WKHLU
FRQVXPSWLRQ ZDV RSHQ WR ORFDO HOLWHV DQG RWKHU QRQ PLOLWDU\
LQGLYLGXDOV 7KLV VHHPV WR FRLQFLGH ZLWK WKH QXDQFHG TXDQWLWDWLYH
DQDO\VLVRISRWWHU\DVVHPEODJHVLQVRXWKHDVW%ULWDLQE\3LWWVZKLFK
FRQFOXGHV WKDW DW WKH ODVW WKLUG RI WKH ¿UVW FHQWXU\ $' µWKH
FRQVXPSWLRQRI LPSRUWHGSRWWHU\ LQWKHSURYLQFHZDVGHWHUPLQHGE\
VWDWHGULYHQVXSSO\QHWZRUNVUDWKHUWKDQPDUNHWIRUFHV¶
+RZHYHU KH DOVR VXJJHVWV WKDW VHWWOHPHQWV RI SUH5RPDQ RULJLQ
SUREDEO\KDGDFFHVVWRWKHVHLPSRUWVDQGQRWHVKRZWKH\ZHUHPRUH
FRPPRQLQQXFOHLFORVHWRWKHURDGQHWZRUN
)LJ5HVXOWVRI61$PHWULFVRIWKH5RPDQR%ULWLVKWUDQVSRUWQHWZRUNDVDZKROH
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)LJ 7KHFRPELQHGVLWHLQGLFHV6WULQXPHULFDOYDOXHVFORVHQHVVDQGEHWZHHQQHVVFHQWUDOLW\DQG6S1$EHWZHHQHVVFHQWUDOLW\URXWHVEHWZHHQDOOVLWHVZLWKQHZIRRGSODQWVE\SHULRG
)LJ 7KHFRPELQHG6WUL VSDWLDO LQWHUSRODWLRQDQG6S1$EHWZHHQHVVFHQWUDOLW\URXWHVEHWZHHQVLWHVZLWK WUXH LPSRUWVE\SHULRG
 0LGGOH5RPDQQGDQGUGFHQWXULHV$'
'XULQJ WKLV SHULRG D UDWKHU GLIIHUHQW SLFWXUH HPHUJHV 7KH PRVW
VLJQL¿FDQW GLIIHUHQFH LV WKH LQFUHDVHG LPSRUWDQFH RI /RQGRQ DV D
UHGLVWULEXWLRQFHQWUHZKLFKQRZH[KLELWVDFKDUDFWHULVWLFVWDUVKDSHG
UDGLRFHQWULF QHWZRUN W\SLFDO RI FHQWUDO QRGHV 7KH SUHVHQFH RI
H[RWLFV LQ VRXWKZHVWHUQ FRDVWDO VLWHV LVPXFK UHGXFHGGHVSLWH WKH
LQFUHDVHRIGDWDIRUWKLVSHULRG$VDOVRLQGLFDWHGE\WKHGLVWULEXWLRQ
RI (DVW *DXOLVK 6DPLDQ ZDUH )XOIRUG   6S1$ VXJJHVWV
WKDW /RQGRQ ZDV WKH SULQFLSDO SRUW RI HQWU\ RI H[RWLFV )URP WKHUH
WKHVHZHUHGLVWULEXWHGWRVLWHVLQVLGHLWVUDGLRFHQWULFQHWZRUNDQGWR
SDUWV RI VRXWKHDVWHUQ %ULWDQQLD 7KH VLJQL¿FDQW GHFUHDVH RI
/RQGLQLXP
V 6WUL QXPHULFDO YDOXH FRQ¿UPV WKLV GHVSLWH WKH KLJK
SUHVHQFH RI H[RWLFV LQ WKH FLW\ DV DWWHVWHG E\ LWV 6WUL LQWHUSRODWLRQ
YDOXHVWKLVZDVQRWVROHO\WKHLU¿QDOSODFHRIFRQVXPSWLRQEXWFKLHÀ\
DUHGLVWULEXWLRQQRGH7KHGLVWULEXWLRQRIH[RWLFVZLWKLQWKHFLW\VKRZV
DPXFKKLJKHUSUHVHQFH LQ WKHHQWUDQFHH[LWSRLQWVRI WKHFLW\ WKDQ
WKDW RI WKH (5 SKDVH ZKLOH WKH UHFODPDWLRQV DQG QHZ UHYHWPHQW
FRQVWUXFWLRQV RQ ERWK EDQNV RI WKH ZDWHUIURQW GXULQJ WKLV SHULRG
5RZVRPH   VHHP WR KDYH KHOSHG ERRVWLQJ LWV
FRPPHUFLDO FDSDFLW\ IRU PRUH GHWDLOV VHH /LYDUGD DQG 2UHQJR
 7KLV FDQ EH DOVR DSSUHFLDWHG E\ WKH VLJQL¿FDQW GHFUHDVH LQ
6WULYDOXHVDWVLWHVORFDWHGDWWKHHQGRIWKHQDYLJDEOHVWUHWFKRIWKH
7KDPHV'XULQJWKLVSKDVH/RQGLQLXPZRXOGKDYHEHHQWKH¿QDOSRUW
IRU UHGLVWULEXWLRQ RI H[RWLFV LQ VRXWKHDVWHUQ %ULWDQQLD DQG WKH
7KDPHV URXWH PLJKW KDYH ORVW LPSRUWDQFH LQ WKHLU GLVWULEXWLRQ
FRPSDUHGWRWKHSUHYLRXVSKDVH7KLVQHYHUWKHOHVVGRHVQRWGHQ\
LWV LPSRUWDQFHDVD WUDGH URXWH IRUEXON\ KHDY\ JRRGV LQ IDFW WKH
FKDQJH RI VRXUFHV LQ &DOOHYD
V LPSRUWHG SRWWHU\ ZKLFK ZDV QRZ
VXSSOLHGIURPFHQWUDO*DXODQGWKH5KLQHODQG 7LPE\  
PLJKW EH UHODWHG WR WKHLU UHGLVWULEXWLRQ IURP /RQGRQ YLD 7KDPHV
7KLVFKDQJHRI WUDGHIRFXVIURPVRXWKZHVW WR HDVW LV ZHOO DWWHVWHG
LQ WKH DUFKDHRORJLFDO OLWHUDWXUHOLQNHG WR WKH LQFUHDVH RI WUDGH ZLWK
*DXODQGFKDQJHV LQ WKH&RQWLQHQWDO ULYHU WUDQVSRUW V\VWHP HJ
(OOLV -RQHV  0DWWLQJO\:LWKDQHTXLYDOHQW
FKURQRORJLFDO VSDQ WR WKDW RI WKH 0LGGOH 5RPDQ SKDVH DQG
SURGXFHG DW &ROFKHVWHU DQG VRPHRWKHU VLWHV DURXQG WKH 7KDPHV
HVWXDU\ FORVH WR /RQGLQLXP %ODFN %XUQLVKHG  ZDUH %%
GLVWULEXWLRQ )LJ  FDQ EH XVHIXO LQ DVVHVVLQJ WKH LPSRUWDQFH RI
/RQGLQLXP DV UHGLVWULEXWLYH FHQWUH ,Q IDFW LWV GLVWULEXWLRQ VKRZV D
YHU\ VLPLODU SDWWHUQ WR WKDW RI H[RWLFV DQG WKH\ PLJKW KDYH EHHQ
FLUFXODWHG XVLQJ WKH VDPH UDGLRFHQWULF URDG QHWZRUN DURXQG
/RQGRQ :LWKRXW GHQ\LQJ SUHYLRXV K\SRWKHVHV EDVHG RQ FKDQJHV
RQ &RQWLQHQWDO WUDQVSRUW RXU DQDO\VLV VXJJHVWV WKDW DW OHDVW IRU
H[RWLFVWKHLQFUHDVHRILPSRUWVLQWKHVRXWKHDVWFDQDOVREHOLQNHGWR
WKHJURZWKRI/RQGRQDVWKHPDLQUHGLVWULEXWLYHFHQWUHIRUVRXWKHDVW
%ULWDLQ
<RUN ZKLFK LQ WKH SUHYLRXV SKDVH KDG D UHODWLYHO\ XQLPSRUWDQW
UROH LQ WHUPV RI H[RWLFV DFTXLUHV KLJK 6WUL LQWHUSRODWLRQ DQG QX
PHULFDO YDOXHV 7KLV LQFUHDVH PLJKW EH GXH WR LWV SRVLWLRQ DW WKH
PDLQ VRXWKQRUWK URDG DQG RQ WKH LQWHUVHFWLRQ EHWZHHQ WZR ULYHUV
2XVH DQG )RVV ZKLFK DOORZHG HDV\ DFFHVV WR WKH VHD 7KH
GHFUHDVH LQ 6WUL YDOXHV RI WKH HDVWHUQ VLWHV RI +DGULDQ
V :DOO
ZKLFK DUH FRQQHFWHG WR <RUN WKURXJK 'HUH 6WUHHW FRXOG DOVR EH
UHODWHG WR WKHFRQFHQWUDWLRQ RI H[RWLFV LQ <RUN 7KLV PLJKW VXJJHVW
WKDW FRQWUDU\ WR /RQGRQ <RUN DFWHG PDLQO\ DV D FRQVXPSWLRQ
UDWKHU WKDQ UHGLVWULEXWLRQFHQWUH,WLVOLNHO\WKDWLWVVWDWXVDV&RORQLD
DQG WKH FDSLWDO RI %ULWDQQLD ,QIHULRU ODWHU LQ WKH 05 SKDVH ZRXOG
KDYH HQFRXUDJHG LPSRUWDWLRQ RI H[RWLFV IRU LQVWDQFH IRU WKH 9,
9LWUL[ OHJLRQ HVWDEOLVKHG WKHUH GXULQJ WKLV SHULRG IRU ORFDO HOLWHV
DQG WKH RFFDVLRQDO LPSHULDO FRXUWV ,WV UHGXFHG UHGLVWULEXWLRQ UROH
PD\ EH DOVR UHODWHG WR D VKLIW LQ WKH GHIHQVLYH LPSRUWDQFH RI
+DGULDQ
V :DOO WRZDUGV$QWRQLQH:DOOZKLFKVHHPVWREHVXSSOLHG
ZLWKH[RWLFVSULQFLSDOO\WKURXJKDFRDVWDO URXWHDOWKRXJK WKHXVHRI
'HUH6WUHHWPXVWKDYHUHPDLQHG LPSRUWDQW $FFRUGLQJ WR )XOIRUG
<RUNPLJKWKDYHKDGGLUHFWVHDDFFHVV WR WKH&RQWLQHQW
GXULQJ WKH VHFRQG FHQWXU\ DV VXJJHVWHG E\ LWV KLJK SURSRUWLRQ RI
(DVW*DXOLVK6DPLDQ7KHDQDO\VLVRI%%FDQKHOSLQVXJJHVWLQJDQ
DOWHUQDWLYH K\SRWKHVLV %H\RQG WKH UDGLRFHQWULF QHWZRUN RI /RQGRQ
%%SRWWHU\DOVRDSSHDUV LQ<RUNDQG LVD FRPPRQRFFXUUHQFH LQ
ERWK +DGULDQ DQG $QWRQLQH :DOOV )LJ  FRPSDUDEOH WR WKH KLJK
6WULYDOXHVIRUH[RWLFVLQWKHVHDUHDV7KLVIXUWKHUFRQ¿UPVWKDW%%
XVHGWKHVDPHURXWHVDQGGLVWULEXWLRQPHWKRGVWKDQWKRVHRIH[RWLFV
GLVWULEXWHG IURP WKH HDVWHUQ SRUWV 7KH SUHVHQFH RI PXOWLSOH VLWHV
ZLWKH[RWLFVDURXQG<RUNDVVRFLDWHGZLWKWKHULYHUV2XVH7UHQWDQG
$LUHQDYLJDEOHWRVRPHH[WHQWE\VHDJRLQJVKLSVGXULQJKLJKWLGHLQ
WKH5RPDQSHULRGFRXOGEHUHODWHGWRWKHWUDQVSRUWRIEXONFDUJRHV
WR<RUNWRVXSSO\WKHSURYLQFLDODGPLQLVWUDWLRQ7KHVHPLJKWKDYH¿UVW
DUULYHG DW /RQGRQ IRU DQ LQLWLDO GLVWULEXWLRQ RI H[RWLFV ZKHUH WKH\
ZRXOG KDYH DFTXLUHG RWKHU SURGXFWV VXFK DV %% SRWWHU\ WR WKHQ
PRYHXSWKHHDVWFRDVWWR<RUNDQGFRQWLQXHWRWKHSRUWVRI+DGULDQ
DQG$QWRQLQH:DOOV7KLVZRXOGH[SODLQWKHVWURQJSUHVHQFHRI%%
SRWWHU\ DW WKHVH WKUHH SRLQWV EXW DOVR DW &DLVWHU2Q6HD DQG
%UDQFDVWHU PLOLWDU\ SRUWV WZR RI WKH HDUOLHU IRUWV RI WKH 6D[RQ
6KRUH&OHHUH  DQG WKH OLWWOH HYLGHQFH IRU LWV GLVWULEXWLRQ LQ
LQWHUPHGLDWHLQODQGDUHDV
/DVWO\ WKH DQDO\VLV VXJJHVWV D SRVVLEOH HQWUDQFH RI H[RWLFV
WKURXJK WKH0RXWKRI WKH6HYHUQEH\RQG WKH UHDFKRI/RQGLQLXP
V
GLVWULEXWLRQQHWZRUN6LJQL¿FDQWO\%%SRWWHU\ZDVQRWFLUFXODWHG LQ
WKLVDUHD7KHSUHVHQFHRIH[RWLFV LVDOVRGRFXPHQWHGLQWKHQRUWK
ZHVW FRDVW DVVRFLDWHG WR PLOLWDU\ SRUWV VXFK DV /DQFDVWHU DQG
&DHUQDUYRQSUREDEO\UHODWHGWRDFRDVWDOGLVWULEXWLRQRIEXONFDUJRHV
IRU PLOLWDU\ VXSSO\ $OWKRXJK WKHVH QHYHU UHDFKHG DQ LPSRUWDQFH
FRPSDUDEOHWRWKDWRIWKHHDVWHUQSRUWVDW/RQGLQLXPDQG(ERUDFXP
WKH DFWLYDWLRQ RI QRUWKZHVWHUQ FRDVWDO SRUWV LV SUREDEO\ UHODWHG WR
WKHH[SDQVLRQDQGKLJKHUVWDELOLW\RI5RPDQUXOHLQ%ULWDQQLDDQGWKH
QHZHPSKDVLVRQWKHQRUWKZKLFKEHFDPHDVHSDUDWHSURYLQFH
 /DWH5RPDQWKFHQWXU\$' LQFOXGLQJ UHFRUGVVWDUWLQJ LQ
WKHUGFHQWXU\$'
7KLVSKDVHDOWKRXJKGRHVQRWZLWQHVVDVLJQL¿FDQWGHFUHDVH LQ
WKHSUHVHQFHRIH[RWLFVVHHV LPSRUWDQWFKDQJHV7KHPRVWHYLGHQW
LVSHUKDSVWKHLQWHQVL¿FDWLRQRIDFWLYLW\LQWKHVRXWKHUQFRDVWDQGWKH
0RXWK RI WKH 6HYHUQ ZKLFK PLJKW EH UHODWHG WR WKH FKDQJH LQ WKH
SURYHQDQFH RI FHUDPLF LPSRUWV GXULQJ WKH VHFRQG KDOI RI WKH WK
FHQWXU\ FRPLQJ IURP WKH VRXWK RI *DXO DQG WKH 0HGLWHUUDQHDQ
LQVWHDGRIWKH5KLQHODQGDQGWKH/RZ&RXQWULHV)XOIRUG
7KLVLQFUHDVHRIDFWLYLW\LVSURSRUWLRQDOWRWKHGHFUHDVHRIDFWLYLW\LQ
WKH QRUWKHUQ ZHVW FRDVW ZKHUH D VLJQL¿FDQW UHGXFWLRQ LQ WKH GLV
WULEXWLRQ RI H[RWLFV LV REVHUYHG 2YHUDOO D µODPEGD¶ SDWWHUQ E\
5\NQLOG6WUHHWWKH)RVV:D\DQG'HUH(UPLQHDQG:DWOLQJ6WUHHWV
VHHPVWRHPHUJH$VDFRQVHTXHQFHRIWKHVRXWKHUQSRUWV
LQFUHDVH
RI DFWLYLW\ &DOOHYD UHFRYHUV LWV FHQWUDOLW\ DV D QRGH FRQQHFWLQJ
3RUWZD\ (UPLQ 6WUHHW DQG WKH URXWH IURP 9HQWD WR 'RUFKHVWHU
$OFKHVWHUDQG¿QDOO\5DWDHZKHUHLWMRLQVWKH)RVV:D\,QJHQHUDO
D SDWWHUQ PRUH VLPLODU WR WKH (5 WKDQ WR WKH 05 SHULRG HPHUJHV
ZKLFK KDV EHHQ DOVR QRWHG IRU WKH FRPPHUFH RI SRWWHU\ )XOIRUG
  $PSKRUDH LPSRUWV RI WKH VDPH SHULRG VXFK DV 1RUWK
$IULFDQ .DSLWlQ ,, DQG %ULWLVK % VKRZ D YHU\ VLPLODU SDWWHUQ EXW
DUH UHVWULFWHG WR FRDVWDO DUHDV DQG QDYLJDEOH ULYHUV )LJ  ZKHUH
DPSKRUDFRQWHQWVPLJKWKDYHEHHQFKDQJHGWROLJKWHUFRQWDLQHUVIRU
ODQGWUDQVSRUW([RWLFVDQGDPSKRUDFRQWHQWVZRXOGKDYHIROORZHG
D URDG GLVWULEXWLRQ DIWHU WKHLU DUULYDO WR SRUW DV VXJJHVWHG E\ WKH
LPSRUWDQW SUHVHQFH RI H[RWLFV LQ LQODQG DUHDV UHODWHG WR URDG
WUDQVSRUW7KHUHIRUHGHVSLWHWKHVLPLODULW\LQWKHLUSDWWHUQVLQWKH/5
SKDVH WKH GLVWULEXWLRQ RI H[RWLFV GRHV QRW VHHP WR EH UHODWHG WR
ULYHU WUDQVSRUW DV VHHQ LQ WKH (5 SKDVH 7KLV PLJKW EH D FRQVH
TXHQFH RI WKH GLVUXSWLRQ RI WKH LPSHULDO HFRQRP\ XSULYHU
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WUDQVSRUWZDVSUR¿WDEOHGXULQJWKH(5SKDVHGXHWRWKHWUDQVSRUWRI
VXSSOLHVLQEXONIRUWKHDUP\DQGLPSRUWDQWDGPLQLVWUDWLYHFHQWUHVEXW
WKHODFNRIDFHQWUDODXWKRULW\RUJDQLVLQJRU¿QDQFLQJWKHGLVWULEXWLRQ
RI ODUJH FDUJRHV RI EXON SURGXFH GXULQJ WKH /5 SHULRG ZRXOG KDYH
PDGHXSULYHU WUDQVSRUWXQXVXDODV LWZDVXQSUR¿WDEOH IRU LQGLYLGXDO
WUDGHUV VSHFLDOLVHG LQ VSHFL¿F SURGXFWV VXFK DV VSLFHV ,Q WKLV
SKDVHDVLPLODU W\SHRIFRPPHUFH WR WKDW UHÀHFWHG LQ WKH0HGLHYDO
%URNDJH %RRNV VHHPV WR HPHUJH ZKHUH H[RWLFV VHHP WR PRYH E\
URDGDIWHUWKHLUDUULYDOWRSRUW
$OWKRXJK WKH SUHSRQGHUDQFH RI WKH VRXWKHUQ HQWUDQFH SRUWV
GXULQJWKLVSKDVHVKRXOGKDYHUHGXFHGWKHUROHRI/RQGLQLXPLQWKH
WUDQVSRUW QHWZRUN DV ZLWQHVVHG LQ WKH (5 SKDVH ZKHUH WKH URDG
QHWZRUNZDVVWLOO LQFLSLHQW WKLVGRHVQRW VHHP WREH WKHFDVH7KH
UHDVRQ PD\ EH /RQGRQ
V DFTXLUHG FHQWUDO SRVLWLRQ LQ WKH 5RPDQ
URDGQHWZRUNDOUHDG\FRPSOHWHGWRZDUGVWKHHQGRIWKH¿UVWFHQWXU\
'XULQJWKLVSKDVH/RQGLQLXPVHHPVWRORVHLWVUROHDVWKHPDLQSRUW
RI HQWU\ DQG WKH FHQWUH RI WKH GLVWULEXWLRQ RI H[RWLFV ,WV 6WUL YDOXH
LQFUHDVHVDVZHOODVWKRVHRIWKHDUHDVDURXQGLWSRLQWLQJWRZDUGVD
IRFXV RQ ORFDO FRQVXPSWLRQ UDWKHU WKDQ UHGLVWULEXWLRQ7KH H[RWLFV
VHHP WR EH FRPLQJ IURP WKH VRXWKHUQ SRUWV EXW WKHSDUWLFXODU
VWDUVKDSH OD\RXW RI WKH 5RPDQ URDG QHWZRUN ZLWK /RQGRQ DW LWV
FHQWUH VHHPV WR IRUFH WUDQVLW WKURXJK /RQGRQ WR DFFHVV QRUWKHUQ
DUHDV DQG WKH 7KDPHV LPSRUWDQW WR UHDFK WKH FHQWUH DQG ZHVW RI
%ULWDLQ /RQGRQ
V KLJK 61$ FORVHQHVV FHQWUDOLW\ VKRZV LWV
LPSRUWDQFH DV D GLVWULEXWLRQ FHQWUH GXULQJ WKH 05 SKDVH ZKLOH LWV
KLJK EHWZHHQQHVV FHQWUDOLW\ KHOSHG PDLQWDLQLQJ LWV VLJQL¿FDQFH
GXULQJ WKH /5 SHULRG 7KHVH FKDQJHV PLJKW EH UHÀHFWHG RQ WKH
GLVWULEXWLRQ RI H[RWLFV ZLWKLQ /RQGRQ ZKLFK LQ WKLV SKDVH DUH
FRQFHQWUDWHG LQ WKH HDVWHUQ DQG ZHVWHUQ VXEXUEV SUHYLRXVO\ PDU
JLQDO DUHDV LQ WHUPV RI H[RWLFV
 FRQVXPSWLRQ /LYDUGD DQG 2UHQJR
7KHZHVWHUQVHFWRULQSDUWLFXODUPLJKWKDYHDFFRPPRGDWHG
QDWLYH SRSXODWLRQ DV LQGLFDWHG E\ WKH SUHVHQFH RI SUH5RPDQ
WUDGLWLRQDO URXQGKRXVHV GXULQJ HDUOLHU SKDVHV 5REHUWV 
7KHVHFKDQJHVPLJKWEH UHODWHG WR)XOIRUG
V VXJJHVWLRQ
WKDWWKHGLVWXUEDQFHDQGFKDQJHVLQWKHVRXWKHDVWIURPWKHPLGUG
FHQWXU\RQZDUGVFRXOGEHUHODWHGWRWKHHQGRIWKH5RPDQHOLWHDQG
LWVUHSODFHPHQWE\DQHZRQH,QWKHFDVHRI/RQGRQWKLVPLJKWKDYH
EHHQUHÀHFWHGLQWKHFKDQJHVLQWKHFRQVXPSWLRQRIH[RWLFVZLWKLQLWV
WRZQVFDSH
7KH LQFUHDVH LQ6WULYDOXHVRI WKHVLWHVDORQJ WKH0RXWKRI WKH
)LJ &RPSDULVRQRIWKHGLVWULEXWLRQRIH[RWLFVLQWKH(DUO\5RPDQSKDVHWRWKDWRI+DOWHUQDQG&DPXORGXQXPµFDUURW¶DPSKRUDHIROORZLQJ7\HUVDDQG(DUO\5RPDQ)RUWV IURP
%LVKRS
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6HYHUQDQGWKHVRXWKHUQRQHVFRQ¿UPWKHSLFWXUHRIDPRUHUHJLRQDO
FRQVXPSWLRQ RI H[RWLFV 2QO\ WKH HDVWHUQ VRXWKQRUWK URXWH UH
PDLQV DFWLYH IRU WKH GLVWULEXWLRQ RI H[RWLFV $OWKRXJK DFFRUGLQJWR
FHUDPLFHYLGHQFH WKHQRUWK LVQRW OLQNHG WR WKH&RQWLQHQW E\ GLUHFW
VHD URXWHV GXULQJ WKH /5 SHULRG )XOIRUG  WKLVURXWHDQG
WKRVH FRPLQJ IURP WKH 0RXWK RI WKH 6HYHUQ VHHP WR MRLQ DW<RUN
JLYLQJ WKLV FLW\ KLJK FHQWUDOLW\ YDOXHV DV LW JUDQWHG DFFHVV WR WKH
QRUWKHUQPRVW GLVWULEXWLRQ VLWHV DORQJ WKH HDVWHUQ SDUW RI+DGUL
DQ
V :DOO 7KH SRVVLELOLW\ WKDW <RUN FRXOG EH UHFHLYLQJ H[RWLFV LQ
EXON FDUJRHV IURP /RQGLQLXP XVLQJ WKH FRDVWDO PLOLWDU\ VXSSO\
URXWHLQKHULWHGIURPWKH05SHULRGVKRXOGDOVREHFRQVLGHUHGJLYHQ
WKHFRQWLQXLQJSUHVHQFHRIH[RWLFVFORVHWRWKH+XPEHUHVWXDU\DQG
WKH 2XVH DQG VHYHUDO RFFXUUHQFHV RI DPSKRUDH DORQJ WKH
HDVWHUQFRDVW DW WKH 6D[RQ 6KRUH VLWHV RI %UDQFDVWHUDQG &DLVWHU
2Q6HD
$V LQGLFDWHG E\ WKH W\SH RI WUDQVSRUW PRGH HPSOR\HG DQG WKH
GLVWULEXWLRQRIH[RWLFVZLWKLQ%ULWDLQDQG/RQGLQLXPWKHGLVUXSWLRQRI
WKH LPSHULDO HFRQRP\ LQ WKH /5 SKDVH DQG WKH UHFRYHUHG
LPSRUWDQFH RI WKH VRXWKHUQ DQG VRXWKZHVWHUQ SRUWV PLJKW KDYH
SRWHQWLDWHG D FKDQJH LQ WKH FRQVXPSWLRQ RI LPSRUWV DQG RWKHU
H[RWLFV OLQNHG WR WKH HPHUJHQFH RI ORFDO ZHOOFRQQHFWHG LQGL
YLGXDOV RU JURXSV ZKR WRRN RYHU WKH FRQWURO RI WKLV FRPPHUFH
UHFRYHULQJWUDGLWLRQDOSRUWVRIHQWU\DQGFRPPHUFLDOSUDFWLFHVEXW
HPSOR\LQJ WKH 5RPDQ URDG V\VWHP 7KH HYLGHQFH RQ WKH WUDGH RI
H[RWLFVVHHPV WRDJUHHZLWK3HUULQJ
V  DQDO\VLVRIWK
FHQWXU\ DUFKLWHFWXUH DQG PRVDLFV DQG WKDW RI 3LWWV  RI
SRWWHU\ DVVHPEODJHV VXJJHVWLQJ WKH SHUVLVWHQFH RI XQGHUO\LQJ
QDWLYH VWUXFWXUHV RI HOLWH SRZHU LQ WKH /5 SKDVH LQKHULWHG IURP WKH
SUH5RPDQSHULRG
 7KHJOREDOPDUNHWWKURXJKORFDOFRQVXPSWLRQDJOREDOLVHG
5RPDQHFRQRP\
7KHPLOLWDU\
VDQGSUREDEO\WKH5RPDQDGPLQLVWUDWLRQDQGORFDO
HOLWHV
 DPSOH XVH RI H[RWLFV DV DWWHVWHG E\ WKH KLJK 6WUL DQG PXFK
ORZHU FHQWUDOLW\ YDOXHV RI PLOLWDU\ VLWHV LQ WKH (5 DQG 05 SHULRGV
DQGWKHLPSRUWDQFHRIORFDORSSLGDVXFKDV6W$OEDQV&DOOHYDDQG
&DPXOXGXQXPGXULQJWKH(5KLQWDWDVWDWHFRQWUROOHGGLVWULEXWLRQRI
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